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FOREWORD 



In recent years a great deal of attention has been focused upon the educational pro- 
grams to prepare engineering technicians. In the State of Illinois these programs were 
first implemented through funds available under Title VIII of the National Defense Edu- 
cation Act of 1958. Since 1959 the Engineering Technology Curriculum Advisory Com- 
mittee of the College of Engineering at the University of Illinois has been working closely 
with the Technical Education Service of the Illinois Board of Vocational Education to 
help structure sound programs in engineering related technical education. 

The enactment of the Junior College Act of 1965 has accelerated the growth of post- 
high school technical education programs. During the past eight years various con- 
ferences have been held to develop a spirit of cooperation between all of the groups in- 
volved with the development of technical education programs. The Vocational Education 
Act of 1963 has provided further stimulus for technical education. 

To help identify the areas of study that would be normally followed in programs of 
engineering technology, a series of curriculum guides have been prepared for use by 
schools offering such programs, hi 1963 a four-semester curriculum guide for Machine 
Design Technology was published as No. 1 in the Engineering Technology Series. This 
was revised and reprinted in 1965. In 1964 a four-semester curriculum guide for Elec- 
tronic Technology was published as No. 2 in the Engineering Technology Series. 

This publication is No. 3 of this Series and is a six-quarter curriculum guide in 
Electronic Technology. The need for this guide has been brought about by the large 
number of schools that are using the quarter system. The topical outlines have been 
completely reworked to provide meaningful sequencing of courses and topics. The par- 
ticipants of the 1964-65 and 1966-67 Academic Year Institutes for electronic teachers 
sponsored by the National Science Foundation held at the University of Illinois made 
significant contributions in developing this publication. 

The funds for the project have been furnished by the Illinois Board of Vocational 
Education and the University of Illinois as a joint sponsored project under the terms of 
the Vocational Education Act of 1963. This bulletin is to serve as a guide to instructors 
and administrators developing six-quarter programs in Electronic Technology. 

Jerry S. Dobrovolny, Project Director 
Professor and Head 
Department of General Engineering 
University of Illinois 
Urbana, Illinois 61801 



PREFACE 



This six-quarter program agrees, in principle, with the four- semester program 
that was previously published and identified as No. 2 of the Engineering ^Technology 
“ &~cL P rter program, however provides 
flexibility than the four-semester program. The unique features o x pa 
riculum are outlined on later pages of the front matter. 

The development of a two-year electronic technology curriculum for ‘ either the 
six-quarter or the four-semester program, imposes some very real and ^^fltprob- 
lemsin the organization of courses and topics. The topics and courses in mathematics, 
circuits, and electronics are particularly challenging. 

The objectives of an electronic technology curriculum demands a N 

well as qualitative) analysis of circuits. Consequently, a good working knowledge iof 
mathematics through calculus is a definite requirement in siK:h a program. 
tion, a knowledge of selected topics in differential equations and LaPlace transforms 

are highly desirable. 

The topics for circuit analysis studies can be sequentially arranged into courses 
identified as resistive circuits, single-time-constant circuits, and linear network - 
alysis (including transient analysis). Correspondingly, electronics worses a^ l topics 
can have a logical sequence of resistive electronic circuits, pulse circuit;, linear elec 
tronic circuite, and nonlinear electronic circuits (such as oscillators). These groi^mgs 
and titles for the circuits and electronics courses are receiving more and more attention 
in textbooks. An electronic technology curriculum demands a concentratedandcon- 
tinning effort in the reorganization of mathematics, circuits and electronics topics. 

The sequencing of topics in the mathematics, circuits and eleetromcs courses of 
this rfecSc technology curriculum are developed in accordance with requirements 
of such a program without concern as to the availability of textbooks. Consequently, it 
mayCe necessary to support a selected text with supplementary material m sup^rtof 
the textbook. Some assistance for the development of supplementary material is pro 
vided to this publication by giving rather detailed course outlines for the circuits and 

electronics courses. 

B is hopeful that the required textbooks will become available in the near fiiture. 
to the meantime, the problem can also be resolved by not restricting every course to 
studies from a single textbook. 
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Philosophy Of Engineering Technology Education 



General Requirements 

The education program described in this 
publication is organized to provide 2 years of 
full-time study in the specific field of elec- 
tronic technology. The course work outlined 
in this publication is so arranged as to provide 
a competency upon completion enabling the 
graduate to work directly with the design, test, 
development, and research groups of an in- 
dustrial complex. 

The increasing demands of our technocracy 
upon our technical personnel are such that ad- 
ditional academic training beyond the high 
school is a prerequisite for successful em- 
ployment placement of our youth. Job obsol- 
escence, due to new advances in our modem 
technology, require employees to obtain ad- 
ditional training to remain employable. The 
abilities required by our technical personnel 
have been broadly defined as follows 

1. Facility with mathematics; ability to 
use algebra and trigonometry as tools 
in the development of ideas that make 
use of scientific and engineering prin- 
ciples; an understanding of, though 
not necessarily facility with, higher 
mathematics through analytical ge- 
ometry, calculus, and differential 
equations, according to the require- 
ments of the technology. 

2 . Proficiency in the application of phys- 
ical science principles, including the 
basic concepts and laws of physics 
and chemistry that are pertinent to 
the individual's field of technology. 

3. An understanding of the materials 
and processes commonly used in the 
technology. 

4. An extensive knowledge of a field of 
specialization, with an understanding 
of the engineering and scientific ac- 
tivities that distinguish the technology 
of the field. The degree of compet- 
ency and the depth of understanding 
should be sufficient to enable the in- 



dividual to do such work as detail de- 
sign procedures. 

5 . Communication skills that include the 
ability to interpret, analyze, and 
transmit facts and ideas graphically, 
orally, and in writing. 

To further identify the educational cri- 
teria for programs of engineering technology, 
the American Society for Engineering Edu- 
cation has completed a study under a grant 
from the National Science Foundation on the 
evaluation of technical institute education. 
The results of this study have been published 
in a report entitled, Characteristic of Ex- 
cellence in Engineering Technology Education. 

The objectives, standards of excellence, 
and minimum subject ar ea requirements as 
represented in the above two reports have been 
accepted generally by educators in the field of 
engineering technology. The structure and 
implementation of engineering technology 
curricula require a consideration of a number 
of factors, some of which are common to all 
engineering technology curriculum and others 
that are unique for the electronic technology 
curriculum to which this publication is di- 
rected. 

Program Objectives 

In general, the functions performed by 
the engineering technician are closely re- 
lated to research, development and engin- 
eering activities. Accordingly, any engin- 
eering technology curriculum is constructed 
to provide the educational background nec- 
essary for the many functions of the technol- 
ogist at the levels of design, development, 
testing, production and research. 

The Curriculum 

An engineering technology curriculum is 
a minimum two-year program of four sem- 
esters or six quarters leading to an Associate 
Degree. It is a college level program but 
differs significantly from a pre-engineering 



Division of Vocational Education, U. S. Office of Education, Occupational Criteria and 
Preparatory Curriculum Patterns in Technical Education Programs . Washington: U. S. Gov- 
ernment Printing Office, 1962 (OE-80015) p. 5. 



curriculum. The first two years of an en- 
gineering curriculum are primarily devoted 
to mathematics, science and general educa- 
tion, with very few specialized technical 
courses. On the other hand, an engineering 
technology program must initiate specialized 
technical courses early in the program if the 
desired objectives are to be accomplished 
within the tm.s available. The sequencing 
of courses and topics must be carefully or- 
ganized to permit the student to develop to 
the desired levels of competence. An en- 
gineering technology curriculum must con- 
serve the rigor of effort on the part of the 
student that is equivalent to the rigor of ef- 
fort required in a college program. 

An engineering technology curriculum 
must be structured so that it prepares its 
graduates functionally: 

1) To enter into a job and be immediately 
productive with a minimum of on-the- 
job training. 

2) To provide the technical and scientific 
background to prepare him to keep 
abreast of developments in technology 
throughout his career. 

3) To enable the graduate with a reason- 
able amount of industrial experience 
to advance into positions of increased 
responsibility. 

in addition, it must also include sufficient 
work in the non-technical area to prepare the 
individual to participate fully in the society of 
which he is a part. 

Faculty 

The ultimaie quality of the curriculum 
depends largely upon the quality of the fac- 
ulty. The specialized nature of the curriculum 
requires that the teachers have special com- 
petencies. These competencies are based on 
technical proficiency in subject matter and 
industrial experience. Another important 
consideration is that all members of the en- 
gineering technology faculty understand the 
educational philosophy of such programs and 
be in harmony with the goals and unique or- 
ganizational requirements that characterize 
this area of education. 

To achieve the objectives of the curricu- 
lum, the subject matter cannot be taught as a 
series of independent courses, but must be 
presented as a closely integrated combination 



and sequence of educational experiences. The 
staff must work together as a unit. 

It is obvious that a substantial proportion 
of the faculty teaching the technical specialty 
courses be graduate engineers. Experience 
has shown that engineering technology gradu- 
ates who have acquired industrial experience 
and have continued their education often make 
excellent teachers in this type of program. If 
the curriculum is to keep pace with technology, 
it is not feasible to depend to any great extent 
upon faculty members whose technical com- 
petence is only slightly greater than that of 
the students. The use of an unduly large num- 
ber of part-time faculty members is unde- 
sirable . 

Faculty members must maintain technical 
competence and should be encouraged to par- 
ticipate in the activities of professional and 
technical societies. They should also be en- 
couraged to keep up with the literature in their 
field, continue their education, and maintain 
close liaison with industry in the area of their 
specialities by working summers. This en- 
couragement is most effectively provided in 
the form of released time and financial as- 
sistance whenever possible. 

Teaching loads should be based on contact 
hours rather than credit hours since, in gen- 
eral, this type program requires the faculty 
member to spend a greater number of hours 
with the student per credit hour than do some 
other types of educational programs. Pro- 
motions should be based on a balanced judg- 
ment of the instructor's ability to bring a broad 
experience and academic background to bear 
on his students, rather than solely on the ac- 
quisition of higher academic degrees. 

Student Selection 

While the effectiveness of an engineering 
technology program depends greatly upon the 
quality of the faculty, its success depends 
even more heavily on the quality of its gradu- 
ates. It is essential, therefore, that the 
students accepted into the program be capable 
of successful accomplishment of the educa- 
tional objectives of the program. If the in- 
coming students’ backgrounds are inadequate, 
instructors will tend to adjust their courses 
to these inadequacies. The inevitable result 
will be a program of depth and scope less than 
that implied by the curriculum and a lack of 
utilization of faculty capabilities. 



Any discussion of academic standards, 
therefore, must be preceded by a statement 
of admission requirements and student se- 
lection. The assumption on which this sug- 
gested curriculum is based, is that the in- 
coming students have been graduated from an 
accredited secondary school or have an equiv- 
alent education. In addition, the student should 
exhibit some evidence of sufficient ability and 
the necessary aptitudes for satisfactory 
achievement in the program. 

In the opinion of the committee, a sat- 
isfactory engineering technology program 
requires the following minimum secondary 
school units: 

a) Three units of English. These should 
provide the student with the basic 
tools of effective communication. 

b) Two units of Mathematics. One unit 
in algebra and the other in plane ge- 
ometry (or the equivalent of these in 
integrated mathematics). 

c) One unit in Physical Science. When- 
ever possible, this unit should be 
either in physics or chemistry. 

Students entering without these minimum 
secondary school units should not expect to 
complete the program in the allotted time. If 
such students are admitted, non-credit courses 
in these areas should be provided to bring the 
student to the required level of proficiency in 
these areas. 



Transfer of credit from other institutions 
should be evaluated realistically on the basis 
of comparative course content and objectives. 
They may be validated, if in question, by re- 
liable proficiency examinations. Automatic 
acceptance for credit without adequate evalu- 
ation should be avoided. 

Student Services 

Whenever possible, institutions offering 
engineering technology programs should con- 
sider the use of standardized or local tests to 
assist in student selection, placement, and 
guidance. Effective guidance and counseling 
is essential. The student should be aided in 
selecting educational and occupational ob- 
jectives consistent with his interests and 
aptitudes. He should be advised to revise 
his educational objectives if it becomes ap- 
parent that he is more suited to other pro- 
grams, either in engineering, or vocational 
training, or another technology. 

The graduate should be given all possible 
assistance in finding suitable employment. 
Placement personnel should be aware of the 
needs of industry, familiar with the curricula 
offered by their institution, and should be in a 
position to acquaint prospective employers 
with the various types of positions for which 
their graduates are qualified. The placement 
function is extremely valuable, to the student, 
the institution, and industry . 
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The Electronic Technology Curriculum 

(Six -Quarter Programs) 



The Curriculum Summary 

Table I, entitled, :, Curriculum Summary 
in Clock Hours and Credit Hours, " shows the 
relative proportion of the time devoted to 
basic science, nontechnical and technical 
courses. These proportions are in keeping 
with the recommendations of the ASEE report 
entitled. Characteristics of Excellence in 
Engineering Technology Education , published 
in 1962 under the direction of James L. Mc- 
Graw. 

The courses in the curriculum (page 10) 
have been structured in accordance with the 
generally accepted system of requiring three 
hours of effort per week on the part of the 
student for each credit hour. The three hours 
per week include work performed in the class- 



room, laboratory, homework, or any com- 
bination thereof. In general, one credit hour 
is given for one hour of class lecture that 
requires two hours of home preparation. A 
two hour laboratory requiring one hour of 
home preparation is equivalent to one credit 
hour. A three hour laboratory session for 
one credit hour does not require any outside 
preparation. On this basis, an 18 credit 
hour is a reasonable academic load for the 
average student to carry in any one term. 

In some of the courses of this curriculum, 
especially those with laboratory hours, it is 
expected that some of the laboratory time 
shall be used for supervised problem solving 
in lieu of home study time. 



TABLE 1 

Curriculum Summary in Clock Hours and 
Credit Hours 





Clock 


Quarter 


Semester 




Hours 


Cr edit Homs 


Credit Hours 


Basic Science Courses 


Mathematics 


198 


18 


12 


Physics 


165 


12 


8 




363 


30 


20 


Non-Technical Courses 


Communications 


110 


10 


O.bY 


Humanistic-Social Studies 


143 


13 


8.67 




253 


23 


15.34 


Technical Courses 


Technical Skills 


220 


6 


4 


Technical Specialty 


946 


50 


33 • 33 




1166 


56 


37.33 


Totals 


1782 


109 


72.67 
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Program Objectives 

The two-year electronic technology cur- 
riculum is constructed to meet the specific 
objectives of an engineering technology cur- 
riculum. These objectives were presented 
in preceding paragraphs. The engineering 
technician should have a broad range of com- 
petencies. He should have the abilities to 
design, assemble and test electronic circuits. 
He should have the ability to assist engineers 
and scientists in projects of development and 
research. 

This two-year electronic technology cur- 
riculum is constructed as a fundamental and 
practical type of program to satisfy the pre- 
requisites that will qualify the graduate to 
perform job functions in any one of a number 
of options such as communications, control 
systems, computer design, computer appli- 
cations, industrial electronics, data pro- 
cessing, electronic drafting, logic systems, 
circuit design, system testing and measure- 
ment techniques. An additional one or two 
quarters for purposes of further specialization 
and continuing education is strongly recom- 
mended. 

An electronic technology curriculum should 
have a proper balance between theory and 
practice. The theory portion of the program 
requires a working knowledge of mathematics 
through calculus along with some differential 
equations and an ability to analyze a variety 
of circuits. For many years mathematics has 
determined the sequencing of topics in the 
circuits and electronics courses. The prac- 
tical portion of the program requires a knowl- 
edge of instruments, testing and measurement 
techniques along with an ability to recognize 
and solve practical problems as actually con- 
fronted in industry. 

Unique Features 

The curriculum is designed to meet the 
objectives of the two-year six quarter program. 
The complete curriculum, as shown on page 10, 
has a number of unique features. The flow 
chart of Fig. 1 shows how the technical spec- 
ialty portion of the program and the mathe- 
matics courses are interrelated. 

1. The two courses, Introductory Elec- 
tronics I and H, in the first and second terms 
respectively, are designed to acquaint the 
student with the content of the electronic 



technology curriculum through laboratory 
projects that are done qualitatively rather 
than on an analytical basis. 

Introductory Electronics I introduces the 
student to measuring instruments most com- 
monly used throughout the curriculum. Em- 
phasis is on quantities which an instrument is 
capable of measuring. The details and pro- 
cedures for this exploratory course are de- 
fined in the outline. 

Introductory Electronics II provides an 
opportunity to explore the operation and re- 
sponse of the most common types of basic 
electronic circuits that serve as building 
blocks for practical electronic systems. The 
course is exploratory and qualitative analysis 
is emphasized. It provides the practical ex- 
perience and the motivation for the detailed 
and quantitative studies that follow in the cur- 
riculum. 

2. The seminar sessions in the last five 
quarters of the curriculum are designed to 
provide additional enrichment for the students. 
This should be accomplished by providing 
guest lecturers from industry, touring in- 
dustries, viewing technical films, and through 
the discussion of topics pertinent to the elec- 
tronic technology curriculum. 

3. Circuits I (Resistive Circuits) pro- 
vides the basic concepts for continued circuit 
analysis. The study of resistive circuits re- 
quires algebra and some trigonometry which 
are covered in Mathematics I in the first 
quarter. This course serves as a prerequisite 
to Electronics I (Resistive Electronics) which 
comes in the following quarter. Refer to the 
flow chart in Fig. 1. 

Circuits H (Single Time Constant Circuits) 
requires an understanding of only basic con- 
cepts of calculus. It serves as a natural 
introduction to Electronics H (Pulse Circuits) 
which comes in the following term. The cir- 
cuits courses beyond Circuits II are presented 
in the traditional manner. Circuits IH (Net- 
work Analysis), for example, is a traditional 
treatment of circuits, wh - ch covers general 
and advanced circuits and. has no restrictions 
as in Circuits I and Circuits II. 

4. There is a sequence of three electronic 
courses, starting in the third quarter. They 
emphasize the quantitative analysis and include 
a detailed study of electronic circuits. They 
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are identified as: Electronics I (Resistive 
Electronics), Electronics II (Pulse Circuits) 
and Electronics in (Advanced Electronics). 
These three courses in electronics follow a 
natural sequence that is integrated and se- 
quenced in accordance with the background 
knowledge from the courses in the circuits 
area as well as from the mathematics area. 
For example: Electronics I (Resistive Elec- 
tronics) follows Circuits I (Resistive Circuits) 
which, in turn, follows Mathematics I. The 
flow diagram of Fig. 1 shows the sequencing 
of the basic courses. Observe the heavy 
diagonal lines that slant downward from nght 
to left, from the mathematics area to the 
circuits area to the electronics area. 

5 . The technical electives of the fifth 
and sixth quarters provide a degree of flexi- 
bility. Five areas of specialization are recom- 
mended as possibilities. A particular educa- 
tional institution may wish to offer no more 
than one of these areas of specialization, in 
accordance with instructional talents und in 
accordance with the particular needs of in- 
dustry. 

The footnote at the close of the curriculum, 
page 11, gives the recommended courses for 



each of the five areas of specialization. More 
detailed information is presented in an appro- 
priate place later in the guide. Refer to the 
Table of Contents where each area is identified 
as an option . 

6. This six-quarter curriculum provides 
at least two natural TI break-off n points. After 
a student completes the first two quarters, he 
will have had the two introductory electronics 
courses and the two drafting courses that will 
provide employment opportunities especially 
as a draftsman or as a maintenance technician. 
The courses of the first quarter could also be 
used in a vocational program that leads to a 
certificate or a diploma. 

7. The physics courses are outlined to 
reflect the present-day philosophy as to con- 
tents and sequencing of topics for a one-year 
comprehensive terminal course. The physics 
sequence serves as the basic science course 
in the electronic curriculum. It is introduced 
in the third quarter after the student has been 
introduced to the fundamentals of calculus. 
It follows an outline which is independent of 
the topic sequencing of electronic material. 




Fig 1 Flow Chart for Mathematics, Circuits, Electronics 

and Technical Elective Courses 
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Use of Textbooks 



Recommendations as to texts and refer- 
ences are presented at the close of each course 
outline. For some of the courses, one or 
more of the recommended texts may be com- 
pletely satisfactory. On the other hand, it 
might not be possible to find one particular 
text that will cover a course content as out- 
lined. In such instances it becomes necessary 
to supplement a selected textbook with specially 
prepared material. It may even be necessary 
to have more than one textbook or to have a 
good set of references in sufficient quantity to 
satisfy the needs. There is a great need for 
new books that are specifically written for an 
electronic technology curriculum, especially 
for the technical specialty portion of the pro- 
gram. A number of appropriate books are 
becoming available in increasing numbers. 
Special thanks are extended to a number of 
publishers who have provided examination 
copies of recent books in order that the recom- 
mended texts and references could be brought 
up to date. 

Laboratory Instruction 

Performance in the laboratory should 
serve two general objectives. One of the 
major objectives is to provide the student a 
practical environment for the investigations 
and studies relating to the theory presented 
in the class-hour sessions. Ihe second major 
objective is to provide the student with suf- 
ficient practical information and competence 
to make die graduate productive as an employee 
in industry with a minimum of training required 
by industry. The following specific objectives 
of laboratory work are significant. (From: 
Circuit Analysis by Laboratory Methods by 
C. E. Skroder and M. S. Helm, Prentice- 
Hall, Inc., second edition, 1955.) 

1. To develop the power of analysis and 
synthesis. 

2. To develop initiative, ingenuity, self- 
reliance and resourcefulness. 

3. To develop the ability to visualize a 
physical circuit from a schematic 
diagram. 

4. To give experience in making circuit 
connections and in using instruments 
and control devices. 

5. To verify theory by experiment. 



6. To develop the facilify of organized 
self-expression in writing and data 
taking. 

7 . To develop the ability to analyze and 
interpret experimental data. 

8 . To develop an appreciation of the lim- 
itations of data obtained by measure- 
ment. 

Special significance is placed on two con- 
cepts of laboratory utilization: Introductory 
Laboratory and Open Laboratory, The Intro- 
ductory Laboratory is designed to acquaint 
the student with instrument operation and 
characteristics of operation of a select num- 
ber of circuits . The work with instruments 
is a "hands-on-approach" to acquaint the 
student with the operational capabilities of 
the instruments found in the laboratory. The 
work with the selected circuits emphasizes 
external characteristics when the individual 
circuit parameters are changed. 

The Open Laboratory incorporates a 
special area for fabrication processes plus 
the standard equipment for an electronics 
laboratory. This laboratory is for use by 
students and staff for fabrication processes. 
The activity in this area would be carried on 
during and outside of class time. Partici- 
pation in the development of electronic projects 
requiring the use of the shop is encouraged 
by the entire staff. 

Laboratory Equipment 

Laboratory equipment and instruments 
should be care folly selected to best satisfy 
the objectives of an electronic technology 
curriculum. These objectives require the 
use of good instruments to permit the student 
to make the wide range of measurements re- 
quired in the curriculum. In general, the 
instruments should be those that are accept- 
able for use in industry. 

A suggested list of instruments, giving a 
cost range, is presented in Appendix C. The 
costs for furniture, small parts and com- 
ponents are also listed in this appendix. The 
costs for equipping the laboratories for the 
circuits courses and for the electronics courses 
are listed separately for convenient reference. 
The summary of costs, part C of this appendix, 
reveals a total possible cost that falls within the 
range of $91,330 to $173,400 when the labor- 
atory for the three required circuits courses 
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and the laboratory for the five required elec- 
tronics courses are conducted in separate 
areas. When combined into one laboratoiy 
area, however, tht total cost reduces to the 
range of $64, 315 to $116, 300. 

Laboratory Space and Facilities 

Laboratory space requirements are pre- 
sented in Appendix A. Recommendations 
pertaining to furniture and work benches are 
presented in Appendix B. Assuming ten work 
stations for a laboratory area, the criteria 
are: 

1. Two students per work station is con- 
sidered ideal. Each laboratory area will 
handle up to twenty students in any one lab- 
oratory period. 

2. Each work station should have its own 
laboratory table. Lengthy benches that do not 
separate the work stations are discouraged. 

3. The laboratory tables should be ar- 
ranged to make it convenient for the instructor 
to observe the progress of all students. Some 
recommended layouts are suggested by the 
Figs. D-l through B-4 of Appendix D. 



4. Calculating tables should be provided 
for convenience to the students. 

5 . Chalk boards should be convenient to 
all work stations for convenience to the stu- 
dents in discussing their laboratory problems . 

6 . A separate area, near the main lab- 
oratory, should be available to the student for 
special construction and assembly projects. 

7 . There should be a separate area for 
maintenance of equipment and for repairs, 
available especially to the instructors and 
shop personnel. 

8. A storage area should be provided 
where supplies and instruments can be se- 
cured under lock and key. 

Special Shop Area 

Manipulative skills in the operation of 
machine tools, as well as maintenance and 
assembly techniques applicable to electronic 
equipment, are essential parts of the complete 
educational program. A special open shop 
area is recommended for this purpose. The 
shop area is a place where certain machine 
tools and special work areas are available to 
the student for special individual or group 
projects. 
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SUGGESTED TWO-YEAR ELECTRONIC TECHNOLOGY CURRICULUM 



Course 




Hours 




1st Quarter 


Class 


Laboratory 


Contact 


Credit 


Mathematics I (Algebra & Trig.) 


5 


0 


5 


5 


Introductory Electronics I 


1 


4 


5 


2 


Communications I 


4 


0 


4 


4 


Mechanical Drafting 


1 


6 


7 


3 


Psychology of Human Relations 


4 


0 


4 


4 


Orientation 


0 


0 


1 


0 




15 


10 


26 


18 



2nd Quarter 



Mathematics II (Trig. & Introduction 



to Calculus) 


5 


0 


5 


5 


Introductory Electronics n 


1 


4 


5 


2 


Circuits I (Resistive Circuits) 


4 


2 


6 


5 


Communications H 


3 


0 


3 


3 


Electronic Drafting 


1 


6 


7 


3 


Seminar 


0 


0 


1 


0 




14 


12 


27 


18 


3rd Quarter 










Mathematics HI (Calculus) 


5 


0 


5 


5 


Electronics I (Resistive Electronic 


3 




mm 




Circuits 


4 


7 


4 


Circuits H (S.T.C. Circuits) 


4 


4 


8 


5 


Physics I 


3 


2 


5 


4 


Seminar 


0 


0 


1 


0 




15 


10 


26 


18 



4th Quarter 



Mathematics IV (Introduction to 



Differential Equations) 


3 


0 


3 


3 


Electronics H (Pulse Circuits) 


3 


4 


7 


4 


Circuits HI (Network Analysis) 


3 


4 


7 


4 


Physics H 


3 


2 


5 


4 


Industrial Organization and Operation 


3 


0 


3 


3 


Seminar 


0 


0 


1 


0 




15 


10 


26 


18 
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Course 

Class 

5th Quarter 



Electronics HI (Advanced Electronics) 4 

Physics ni ' 3 

Technical Report Writing 3 

Technical Elective^ 3 

Economics of Industry 3 

Seminar 0 



16 

6th Quarter 



Technical Elective^ 3 

Technical Elective^ 3 

Technical Elective^ 3 

Circuits IV (System Analysis) 1 

Nontechnical Elective 3 

Seminar 0 
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Hours 






Laboratory 


Contact 


Credit 


4 


8 


5 


2 


5 


4 


0 


3 


3 


4 


7 


4 


0 


3 


3 


0 


1 


0 


10 


27 


19 


4 


7 


4 


4 


7 


4 


4 


7 


4 


4 


5 


3 


0 


3 


3 


0 


1 


0 


16 


30 


18 



^The technical electives should be electrical 
tion as desired for a particular program. 



Power Option (See Page 68) 

Advanced Power Circuits 
Rotating Machinery 
Power Distribution Systems 
Electrical Design 
Computer Optical (See Page 71) 

Computer Logic 
Computer Programming 
Measuring Principles (Mechanical and 
Electrical) 

Analog Computers 

High Frequency Communication and Trans- 
mission Options (See Page 73) 

Fields and Waves 
Transmission Lines 
Microwave Fundamentals 
UHF Communication and Reception 
Antennas 



courses of some one area of specializa- 
A few possible courses and are as are: 

Instrumentation Option (See Page 75) 

Measuring Principles (Mechanical and 
Electrical) 

Control Principles and Telemetry 
Standards and Calibration 
Computer Programming 
Industrial Control Systems Option 
(See Page 77) 

Industrial Control Circuits and Compon- 
ents 

Computer Programming 
Servomechanism 
Measuring Principles 
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COURSE OUTLINES 



ORIENTATION* 



HOURS REQUIRED 

Class - 1; Credit - 0. 

DESCRIPTION 

A brief review of the field of occupations 
is followed by a discussion of the life work of 
technical personnel, the part that interests 
and aptitudes play in the successful attainment 
of vocational goals, and how one goes about 
evaluating these qualities. Field trips give 
the student the opportunity to see the elec- 
tronic technician in action, while individual 
interviews give the instructor firsthand in- 
formation about the student. 

INSTRUCTION PROCEDURE 

Movies or other training aids could be 
used to supplement or replace field trips if 
they are not feasible. Guest lecturers from 
industry should be invited to take part in the 
program . These men would provide the stu- 
dent with valuable future contacts and would 
give him the employer's attitudes towards the 
technician and his place in the industry. It is 
recommended that the student submit reports 
on the field trips that are made. 

MAJOR DIVISIONS 

Class Hours 



I. The School 1 

II. Technical Personnel 4 

HI. The Program of Study 2 

IV. Field Trips 3 

V. Individual Counseling 1 



11 

I. The School 

Class: 1 hour 

1. Purpose of orientation 

2. The technical institute, its place 
in education, the associate de- 
gree, accreditation 

3. How and when to study 



4. What is counseling, where is it 
obtained 

5. Scholarship and assistance pro- 
grams 

H. Technical Personnel 
Class: 4 hours 

1. The world of work 

a. Occupational levels and 
preparation 

b. Qualifications for typical 
occupations 

2. Aptitudes required in electronic 
technology 

3. Assessing personal aptitudes — 
guidance and testing 

4. Nature of technician work 

a. The engineering team 

b. Typical work of the tech- 
nician 

c. Departments in industrial 
concerns employing techni- 
cians 

5. Job opportunities 

a. Wages 

b. Promotional possibilities 

c. Local industrial scene in 
electronic technology 

d. Further schooling 

6. Employment practices 

a. Recruitment 

b. Tests 

c. Interviews 

d. School placement department 

HI. The Program of Study 
Class: 2 hours 

1. Purpose of courses 

a. General education 

b. Related subjects 

c. Technical subjects 

2. Arrangement of the curriculum 

a. Designing major 

b. Manufacturing major 

3 . The grading system and tests 

4. Opportunities in noninstitute 
courses 



♦Adapted from USOE publication No. OE-80019 ’’Mechanical Technology - Design and Pro- 
duction.” 
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5. Extracurricular activities 

6. The curriculum planning sheet — 
a guide to each semester’s pro- 
gram 

IV . Field Trips 

Class and Field: 3 hours 

1. Preparation for trips to nearby 
industries; what to look for, type 
of questions to be asked of en- 
gineers 

2. Tours planned specifically to 
show the technician at work 

3. Discussion of trips, conclusions 
that may be drawn 

4. Reports aio prepared and sub- 
mitted for each field trip made 

V. Individual Counseling 

Class: 1 or more hours, as required 

1 . Establish rapport with each stu- 
dent, discussion of individual’s 
objectives, aptitudes, progress 
in school to date, study habits, 
etc. 

2. Schedule further counseling ses- 
sions as needed 

3. Arrange for the services of oth- 
ers (school psychologist, testing 
department, other technical area 
instructor if student is uncertain 
of interest in electrical engin- 
eering technology) 

SOME SUGGESTED TEXTS AND REFERENCES 

Bergen, JayH., Putting Technicians to Work , 
U. S. Department of Health, Education 
and Welfare, Washington, D. C. 



National Association of Manufacturers, Your 
Opportunities in Industry as a Technician, 
The Association, 2 East 48th Street, New 
York 17, N. Y. 

Staton, Thomas, How to Study , McQuiddy 
Printing Co., Nashville, Tennessee 
Current magazine and newspaper articles 

SOME SUGGESTED VISUAL AND TRAINING 
AIDS 

Coronet Films, Coronet Building, Chicago, 
Illinois 

Aptitudes and Occupations 
Your Earning Power 
Mechanical Aptitudes 

Encyclopaedia Brittanica Films, Inc., 1150 
Wilmette Avenue, Wilmette, Illinois: 
Planning your Career 

Iowa State University, Ames, Iowa: 

Getting Acquainted with Engineering 
Vocational Guidance Films, Des Moines, Iowa: 
Engineering 

Charts and graphs illustrating employment 
trends in industry 

Job classification and qualification charts 

Sample intelligence, aptitude and personality 
tests 

Programmed Learning Report, Engineering 
Education , ASKE, Feb. 1967 

Video Tape Recorders 
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MATHEMATICS I 

(Algebra and Trigonometry) 



HOURS REQUIRED 

Class - 5; Credit - 5. 

DESCRIPTION 

This course includes algebra, vectors, 
and an introduction to trigonometry. 

INSTRUCTION PROCEDURE 

The first course in mathematics is de- 
signed to equip students with operational meth- 
ods necessary for the understanding of con- 
current technical courses. It is also designed 
to give students skills to successfully com- 
plete more advanced mathematics courses. 
Supplementary notes may be required to sup- 
port selected texts. 

MAJOR DIVISIONS 

Class Hours 

I. Review of Fundamental 

Operations 5 



H. 


Advanced Algebra 


15 


m. 


Theory of Equations 


15 


IV. 


Fundamentals of Trigon- 






ometry 


15 


V. 


Vectors 


5 



55 



I. Review of Fundamental Operations 
Class: 5 hours 

1. Modular number systems 

2. Laws of algebra 

3. Functions and graphs 



4. Equations 

5. Metric units and scientific no- 
tation 

n. Advanced Algebra 
Class: 15 hours 

1. Ratio, variation, and progres- 
sions 

2. Fractions and radicals 

3 . Exponential functions 

4. Logarithms 
HI. Theory of Equations 

.Class: 15 hours 

1. Synthetic division 

2 . Equation theorems 

3 . Binomial theorem 

4. Roots of equations 

5. Systems of equations 

IV . Fundamentals of T rigonometry 
Class: 15 hours 

1 . Radian me asure 

2 . Trigonometric functions 

3. Signs of the trigonometric func- 
tions 

4. Trigonometric tables 

5 . Tte right triangle 

V. Vectors 
Class: 5 hours 

1. Vector addition 

2. Resolution of forces 

3. Application of vectors 

SOME SUGGESTED TEXTS AND REFERENCES 
(See listing with Mathematics HI) 



MATHEMATICS II 

(Trig, and Introduction to Calculus) 



HOURS REQUIRED 

Class - 5; Credit - 5. 



DESCRIPTION 

This course contains selected topics in 
algebra, trigonometry and analytic geometry. 



INSTRUCTION PROCEDURE 

Selected topics in analytic geometry are 
introduced to provide the student with pre- 
requisite skills necessary to understand the 
calculus . 

A brief introduction to the derivative is 
provided at the end of the second quarter to 
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increase the student’s awareness of the cal- 
culus as a powerful tool in the solution of ad- 
vanced technical problems. 

Supplementary notes may be required to 
support selected texts. 

MAJOR DIVISIONS 

Class Hours 



I. Properties of Trigon- 
ometric Functions 15 

H. The Algebra of Complex 

Numbers 15 

HI. Analytic Geometry 15 

IV. The Derivative 10 



55 

I. Properties of Trigonometric Functions 
Class: 15 hours 

1. Trigonometric functions of any 
angle 

2. Laws of sine and cosine • 

3. Sum and difference of two angles 

4. Double and half-angle formulas 

5. Fundamental trigonometric 
identities 

6. Trigonometric equations 

7. Inverse trigonometric functions 



n. The Algebra of Complex Numbers 
Class: 15 hours 

1. Real and complex numbers 

2. The complex plane 

3. Addition and subtraction of com- 
plex numbers 

4. Exponential* trigonometric, and 
polar form of complex numbers 

5. Products, quotients, powers, and 
roots of complex numbers 

HI. Analytic Geometry 
Class: 15 hours 

1. Basic definitions 

2. The straight line 

3. The conic section 

IV. The Derivative 
Class: 10 hours 
1. Limits 

2 . The delta process 
3 . Derivative s o f polynomials 

SOME SUGGESTED TEXTS AND REFERENCES 
(See listing with Mathematics HI) 



MATHEMATICS III 

(Calculus) 



HOURS REQUIRED 

Class - 5; Credit - 5. 

DESCRIPTION 

This course presents an introduction to 
the basic principles of differential and inte- 
gral calculus. 

INSTRUCTION PROCEDURE 

This course is designed to introduce to 
students sections of the calculus necessary to 
understand advanced technical courses. Lack 
of time in the two-year technical program 
prohibits the use of a more traditional math- 
ematics approach. 

MAJOR DIVISIONS 

Class Hours 

I. The Derivative 10 

H. Integration I 10 



HI. Differentiation of Trans- 
cendental Functions 10 

IV. Integration H 15 

V. Series Expansions 10 

55 

I. The Derivative 
Class: 10 hours 

1. Derivatives of products and quo- 
tients 

2. Derivatives of a function of a 
function 

3 . Maximum and minimum problems 

n. integration I 

Class: 10 hours 

1. Integration as the inverse of dif- 
ferentiation 

2. The indefinite integral 

3. The definite integral 

4. Finding areas by integration 

5. Approximate methods of integra- 
tion 
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HI. Differentiation of transcendental functions 
Class: 10 hours 

1 . Derivatives of the trigonometric 
functions 

2. Derivatives of the exponential 
functions 

3. Derivatives of the logarithmic 
functions 

IV. Integration II 
Class: 15 hours 

1. Integration of a function to a 
power 

2. Exponential forms 

3. Logarithmic forms 

4. Trigonometric forms 

5 . Integration by parts 

6. Integration by use of tables 

V. Series Expansions 
Class: 10 hours 

1. The Maclaurin series 

2. The Taylor series 

3. The Fourier series 

SOME SUGGESTED TEXTS AND REFERENCES 

Adams, L. J. , Applied Calculus , John Wiley 
&Sons, New York, N. Y., 1963 

Amramowitz, Milton, Handbook of Mathe- 
matical Functions, U. S. Government 
Printing Office, Washington, D. C. , 1965 

Andrews, Allan, Practice Problems in Elec- 
tronics Calculations , Howard W. Sams 
and Company, Inc., New York, N. Y., 
1.964 

Andrews, Allan, Electronics Math Simpli- 
fied, Vol. I , Howard W. Sams and Com- 
pany, Inc., New York, N. Y. , 1964 

Andrews, Allan, Electronics Math Simpli- 
fied. Vol. H, Howard W. Sams and Com- 
pany, Inc., New York, N. Y. , 1964 

Andris, Paul G. , Miser, HughJ. , Reingold, 
Haim, Basic Mathematics for Science and 
Engineering, John Wiley and Sons, New 
York, N. Y. , 1955 

Cooke, Nelson, Basic Mathematics for Elec- 
tronics, McGraw-Hill Book Co., New 
York, N. Y. , 1960 

Crowhurst, Norman H. , Mathematics for 
Electronics Engineers and Technicians , 
Howard W. Sams and Co., New York, 
N. Y. , 1964 



Dodes, Irving Allen, I.B.M. 1620 Program - 
ming for Science and Mathematics , Hay- 
den Book Co., New York, N. Y. , 1963 
Evens, Paul L. , Mathematics for Electronics 
Technicians, John Wiley and Sons, New 
York, N. Y., 1966 

Gillie, A. C. , Binary Arithmetic and Boolean 
Algebra, McGraw-Hill Book Co., Inc., 
New York, N. Y. , 1965 
I.T.T. Federal Electric Corporation, Math- 
ematics for Electronics , Prentice-Hall, 
Inc., Englewood Cliffs, N. J. , 1965 
Lytel, Allen, Calculus for Electronics Tech- 
nicians, D. Van No strand Co. , New York, 
N. Y. , 1964 

Maidel, George F. , Basic Mathematics for 
Television and Radio , Prentice-Hall, Inc., 
Englewood Cliffs, N. J. , 1953 
Pauli, Stephen, Topics in Advanced Mathe- 
matics for Electronics Technology , John 
Wiley and Sons, New York, N. Y., 1966 
Person, R. B., Elements of Mathematics , John 
Wiley, New York, 1966 
Placek, R. J. . Technical Mathematics with 
Calculus , Prentice- Hall, Inc., Engle- 
wood Cliffs, N. J. , 1967 
Rice, Harold S. , Knight, Raymond M., Tech- 
nical Mathematics with Calculus , McGraw- 
Hill Book Co. , Inc. , New York, N. Y., 
1966 

Rice, Harold A. , Technical Mathematics ; 
Exercises, Problems, Diagrams, Tables , 
McGraw-Hill Book Co., kic., New York, 
N. Y. , 1963 

Scade, Samuel, Mathematics for Technical 
and Vocational Schools , John Wiley & 
Sons, New York, N. Y. , 1955 
Singer, Bertrand B.. Basic Mathematics for 
Electricity and Electronics, McGraw- 
Hill Book Co., Inc., New York, N. Y., 
1965 

Washington, AllynJ., Basic Technical Math- 
ematics with Calculus , Addison-Wesley 
Publishing Co., Inc., Reading, Mass., 
1964 

Wolf, O. and Lattner, C. G. , Mathematics 
for Electronics , ITT Federal Electric 
Corporation, Prentice Hall, Inc. , Engle- 
wood Cliffs, New Jersey, 1965 



MATHEMATICS IV 

(Introduction to Diff. Equations) 



HOURS REQUIRED 

Class - 5; Credit - 5. 

DESCRIPTION 

This course contains an introduction to 
differential equations and the Laplace trans- 
form. 

INSTRUCTION PROCEDURE 

Selected topics in differential equations 
are introduced. The student should acquire 
the skill necessary to solve simple second- 
order homogeneous differential equations with 
constant coefficients. It is not necessary that 
the student solve all types of differential equa- 
tions. It is only important that the student be 
able to write the differential equations, de- 
termine the initial conditions, and apply the 
correct Laplace transform to yield the solu- 
tion. 

MAJOR DIVISIONS 

Class Hours 

I. Differential Equations 15 

n. Laplace Transforms 18 

33 



t. Differential Ecjustions 
Class: 15 hours 

1. Definition of the differential 
equation 

2. Linear differential equations of 
the first order 

3 . Second-order homogeneous equa- 
tions with constant coefficients 

4. Elementary applications 

n. Laplace Transforms 
Class: 18 hours 

1. Definition of the Laplace trans- 
form 

2 . Construction of a Laplace trans- 
form table 

3. Partial fraction expansion 

4 . The inverse of the Laplace trans- 
forms 

5. Solutions of problems with the 
Laplace transforms 

SOME SUGGESTED TEXTS AND REFERENCES 
(See listing with Mathematics D3) 
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INTRODUCTORY ELECTRONICS I 



HOURS REQUIRED 

Class - 1; Laboratory - 4; Credit - 2. 
DESCRIPTION 

Introductory Electronics I is designed to 
provide familiarization with laboratory in- 
struments, circuit components, and basic 
measurement techniques. 



INSTRUCTION PROCEDURE 



The instruments to be studied, the projects 
to be performed, and the procedures to be 
followed are presented in the course outline. 

Supplementary notes may be required to 
support selected texts. 



MAJOR DIVISIONS 



Labor- 

Class atory 
Hours Hours 



I. 


Voltage: Measurement 
and Sources 


3 


12 


H. 


Circuit Components 
and Their Measure- 
ment 


3 


12 


HI. 


Current, Power, and 
Their Measurement 


2 


8 


IV. 


Dependent Sources 
(Amplifiers) 


1 


4 


V. 


Special Topics 


2 


8 






11 


44 



I. Voltage: Measurement and Sources 

Defines in a general manner the terms 
voltage and waveform. Shows that an oscil- 
loscope and various meters measure voltage, 
and introduces voltage sources of all types. 

A. Class: 3 hours 

1. Principles of the oscilloscope 
and how it is used to measure 
voltage waveforms 

2. Voltage sources 

a. Battery and constant voltage 
supplies 



b. Sinusoidal, audio and RF 
generators 

c. Other voltage waveforms; 
pulse, ramp, and triangle 

3. Voltmeters and measurements 

a. Types, ranges, terminal 
markings, and connection in 
circuit 

b. Measurement of constant 
voltage, sinusoidal, and oth- 
er voltage waveforms 

c. Introduction to concepts of 
average, RMS, peak, and 
peak-to-peak voltage meas- 
urements 

B. Labor atoiy: 12 hours 

1. Study and operation of $ie oscil- 
o scope 

a. Intensity and focus controls 

b. Vertical and horizontal po- 
sitioning 

c. Sweep rates and synchroni- 
zation of traces 

d. Amplitude and time meas- 
urement 

e. Dual sweep control systems 

2. Study of voltage sources with the 
use of the oscilloscope 

a. Study of each voltage source 
individually; measuring and 
recording waveforms 

b. Study of superimposed volt- 
age waveforms by connecting 
various voltage sources in 
series 

c . Use of two sinusoidal sources 
to obtain Lissajous patterns 
and introduction to the con- 
cept of harmonies 

3. Study of voltmeter readings com- 
pared to the oscilloscope 

a. Use of various voltmeters 
to measure voltage sources 
and comparison of various 
meter readings in conjunc- 
tion with the cathode ray os- 
cilloscope 
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n. Circuit Components and Their Measure- 
ment 

Define in a general manner (without the 
use of formulas) resistance, capacitance, and 
inductance. 

A. Class: 3 hours 

1. Resistance 

a. Color code, standard sizes, 
ratings, structural types, 
resistance attenuators, po- 
tentiometers, and thermis- 
tors 

b. Ohmmeters and resistance 
bridges 

2. Capacitance 

a. Standard sizes, ratings, and 
structural types 

b. Capacitor checker and 
bridges 

c. Demonstration of the capac- 
itor’s opposition to an in- 
stantaneous change in volt- 
age 

3 . Inductance 

a. Standard sizes, ratings, and 
structural types 

b. Bridge measurements 

c . Demonstration of the induc- 
tor T s opposition to an in- 
stantaneous change in cur- 
rent 

B. Laboratory: 12 hours 

The student should gain a feeling for the 
physical properties of the three circuit com- 
ponents above, along with some relationship 
between series and parallel combinations. 

1. Resistance 

a. Color code and the use of 
the ohmmeter 

b. Bridge measurements 

c. Series and parallel combin- 
ations 

2. Capacitance 

a. Color code and the use of 
the capacitor checker 

b. Bridge measurements 

c. Ohmmeter checks for D-C 
continuity 

d. Series and parallel combin- 
ations 

e. Charging and discharging a 
capacitor, and charging and 
discharging of series and 
parallel combinations 



3. Inductance 

a. Standard sizes and bridge 
measurements 

b. Checks with ohmmeter for 
D-C continuity 

c. Series and parallel combin- 
ations 

d. Placing two inductors close 
together, one connected to a 
sinusoidal source and the 
other to the oscilloscope, and 
introduction of the concept of 
induced voltages and trans- 
formers 

e. Use of ohmmeter to study 
R-L andR-C series circuits 
and introduction to time con- 
stants 

m. Current, Power, and Their Measurement 

A. Class: 2 hours 

1. Define in a general manner cur- 
rent flow, current controlling 
devices (R, L, and C) , and the 
use of the ammeter 

2. Define power from a work-en- 
ergy point of view, and show the 
relationship between watts, volts, 
amperes, and ohms 

B. Laboratory: 8 hours 

The student should use all previous lab- 
oratory equipment in the study of current flow 
and power, like, for example, monitoring the 
circuit with both voltmeter and the oscillo- 
scope. 

1. Current measurements 

a. Types of ammeters, selec- 
tion of proper meter, and 
method of connecting them 
in the circuit 

b. Summing of currents in a 
resistive network to yield 
source current using both a 
constant source and a sinu- 
soidal input 

c. Summing of currents in aR- 
L-C network to yield source 
current using both a con- 
stant source and a sinusoidal 
input 

d . Summing of currents to yield 
source current with aR-L-C 
network having a sinusoidal 
input at different frequen- 
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cies, and observing voltage 
drops as well as current 
flow as the frequency is var- 
ied 

e. Use of voltage drop across 
a resistor to show current 
waveform. The student 
should use the dual trace 
oscilloscope to study cur- 
rent and voltage waveforms 
in a R-L-C network 
2. Power measurements 

a. Types of wattmeters, selec- 
tion of proper meters and 
methods of connecting them 
in circuits 

b . Analysis of resistive circuits 
by means of the ohmmeter, 
voltmeter, ammeter, and 
wattmeter 

c. Power measurement of 
purely reactive circuit 

IV. Dependent Sources (Amplifiers) 

A. Class: 1 hour 

1. Examine dependent and independ- 
ent sources, and show how trans- 
sistors and vacuum tubes are 
used as amplifiers 

B. Laboratory: 4 hours 

The student is to study preassembled 
transistor and vacuum tube amplifier circuits. 
Theory regarding the parameters of these 
circuits should be kept to a minimum. 



1. Study of voltage amplification in 
conjunction with various inde- 
pendent voltage sources studies 
above, including an introduction 
to distortion 

2. Study of voltage amplification 
with microphone input and an ear- 
phone load, in conjunction with 
the oscilloscope 



V. Special Topics 

Students should become familiar with 
special pieces vf equipment in the laboratory. 
Rotation of students on equipment may be 
necessary at this point. Examples of such 
equipment are the wave analyzer, distortion 
analyzer, vector impedance meter, spectrum 
analyzer, and oscilloscope photography in- 
struments. 

A. Class: 2 hours 

B. Labor atoiy: 8 hours 



SUGGESTED TEXTS AND REFERENCES 

Instruction and maintenance manuals on 
all pieces of laboratory equipment are nec- 
essary. Each student should have a manual 
checked out to him as he proceeds through 
the laboratory equipment in the course. 

The course will require hand-out material 
from the instructor. 
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INTRODUCTORY ELECTRONICS II 



HOURS REQUIRED 

Class - 1; Laboratory - 4; Credit - 2. 

COURSE DESCRIPTION 

Introductory Electronics II is designed to 
acquaint the student with basic circuits used 
as building blocks in any electronics system. 
It is the arrangement and the interaction of 
these basic circuits that determine the end 
product which is called a system. 

INSTRUCTION PROCEDURE 

Circuits used by the student in the lab- 
oratory are permanently assembled. (Circuit 
boards or block systems are used allowing the 
student to study the circuit and its compon- 
ents; he may adjust a variable resistor or 
change a jumper wire, but the circuits are 
basically preassembled.) Circuit diagrams, 
along with defined circuit parameters, should 
always be furnished. 

The circuits should be approached from 
a response point of view along with their name 
and application. The reading of circuit dia- 
grams should be encouraged from the very 
beginning. 

After the student has studied a series of 
individual circuits in the laboratory, block 
diagrams of systems should be introduced 
giving applications of the circuits and illus- 
trating the concept of electronic systems. 



MAJOR DIVISIONS 



I. Rectifiers and 
Power Supplies 
n. Amplifiers 
IE. Oscillators 
IV. Modulation and 
Detection 

V. Multivibrators and 
Trigger Circuits 
VI. Gating Circuits 
VII. Sweep Circuits 
VIE. Systems 



Labor- 

Class atory 
Hours Hours 



1 

1 

1 



4 

4 

4 



2 8 




8 

4 

4 

_8 

44 



I. Rectifiers and Power Supplies 

A. Class: 1 hour 

1. Qualitative discussion of recti- 
fiers and power supplies as to 
types, circuit diagrams, etc. 

B. Laboratory: 4 hours 

1. Half-wave rectifier circuit 

a. Plot input and output wave- 
forms with and without a fil- 
ter network 

b. Loading effect and ripple 
factor 

2. Same for full-wave rectifier and 
a voltage doubler circuit 

H. Amplifiers 

A. Class: 1 hour 

1. Qualitative discussion of ampli- 
fiers as to types, circuit dia- 
grams, etc. 

B. Laboratory: 4 hours 

1. R-C coupled amplifier 

a. Biasing and signal require- 
ments 

b. Distortion of output when 
overdriven 

c. Frequency response 

2. Same for cathode follower 

3. Same for tuned RF amplifier 

HI. Oscillators 

A. Class: 1 hour 

1. Defined in terms of an amplifier 
providing its own input, general 
discussion, circuit diagrams, 
etc. 

B. Laboratory: 4 hours 

1. Phase shift oscillator 

a. Frequency range (Lissajous 
patterns) 

b. Method of feedback 

c. Loading effect 

2. Same for tuned circuit oscillators 
(Hartley and Colpitts) 

IV. Modulation and Detection 
A. Class: 2 hours 

1. Qualitative discussion of AM and 
FM modulation and detection. 
Introduce transmitters and re- 
ceivers 
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B. Laboratory: 8 hours 

1. (FM) Diode modulator 

a . Frequency shift with a vary- 
ing D-C input 

b. Waveform analysis with an 
audio signal input 

2. (FM) Ratio detector 

a. Manually vary CW input and 
record output voltages 

b. Waveform analysis with in- 
put from diode modulator 

3. (AM) Pentagrid mixer having a 
local oscillator and a fixed audio 
note input 

a. Waveform analysis including 
overmodulation 

b . Frequency analysis of output 
signals 

4. (AM) Diode detector 

a. Waveform analysis with CW 
input 

b« Waveform analysis with in- 
put from mixer 

V. Multivibrators and Trigger Circuits 

A. Class: 2 hours 

1. Discussion of the rectangular 
pulse and methods for generating 
it. Introduction to triggering 
circuits and the synchronization 
of astable, bistable, and mono- 
stable multivibrator circuits 

B. Laboratory: 8 hours 

1. Astable multivibrator 

a. Biasing and feedback net- 
works 

b. Effect upon output waveform 
as circuit parameters are 
varied 

2. Bistable and monostable multi- 
vibrators 

a. Biasing and feedback net- 
works 

b. Manually trigger circuits by 
grounding base or grids 

3. Unijunction trigger oscillator 

a. Biasing and feedback net- 
works 

b. Study of the trigger wave- 
form and the synchronization 
of the above multivibrators 

4. Schmitt trigger circuit 

a. Biasing and signal require- 
ments 

b. Synchronization of the above 
multivibrators 



VI. Gating Circuits 

A. Class: 1 hour 

1. Discussion of gating principles 
and techniques along with an in- 
troduction to the basic logic cir- 
cuits AND, OR, NAND, and NOR 

B. Laboratory: 4 hours 

1. Diode logic circuits (AND, OR, 
NAND, and NOR) 

a. Study of circuits and logic 
with the use of a D-C volt- 
meter and a manual setting 
device 

b. Connect together logic cir- 
cuits in the laboratory 

VII. Sweep Circuits 

A. Class: 1 hour 

1. Qualitative discussion of time 
base measurement along with the 
ramp waveform and sweep cir- 
cuits 

B. Laboratory: 4 hours 

1. Neon-tube relaxation oscillator 

a. Study of ramp waveform, 
time base, amplitude, lin- 

. earity, etc. 

b. Effect upon waveform as 
circuit parameters are var- 
ied 

2. Same for a bootstrap oscillator 

3. Same for a Miller-type sweep 
circuit 

Vffl. Systems 

A. Class: 2 hours 

1. A qualitative study of electronic 
systems using both the block 
diagrams and the circuit schem- 
atics 

B. Laboratory: 8 hours 

1. Study of electronic systems in 
the laboratory, such as the os- 
cilloscope, radio and TV receiv- 
ers, etc. Students should trace 
circuits, identify stages of oper- 
ation, and study associated wave- 
forms 

SOME SUGGESTED TEXTS AND REFERENCES 

The success of this course is dependent 
upon the instructor’s ingenuity in preparing 
laboratory materials and related instructional 
supplements. No particular textbook is avail- 
able for this laboratory emphasized course; 
however, the student should be encouraged to 
use the reference library. 
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ELECTRONICS I 

(Resistive Electronic Circuits) 



HOURS REQUIRED 

Class - 3; Laboratory - 4; Credit - 4. 
DESCRIPTION 

Electronics I is restricted to resistive 
circuits in which electronic devices are em- 
ployed. 

The course introduces the volt-ampere 
characteristics and physics of diodes, trans- 
istors, multielement vacuum tubes, and a 
number of practical resistive circuits using 
these devices. 



INSTRUCTION PROCEDURE 

In addition to the presentation of physical 
and electrical characteristics of electronic 
devices, this course places emphasis on 
equivalent circuits for linear operation and 
on resistive switching techniques, thus in- 
troducing a study of amplifiers, logic cir- 
cuitry and electronic switching. 



MAJOR DIVISIONS 



Labor- 





Class 

Hours 


atory 

Hours 


4. 


I. Volt-ampere charac- 
teristics of Electronic 


* Devices 

II. Physics of Electronic 


9 


24 


5 


Devices 


8 


0 




HI. Linear Audio Ampli- 


fiers 

IV. Resistive Diode Cir- 


8 


10 


6. 


cuits 


8 


10 






33 


44 


7. 



I. Volt-ampere Characteristics of Electronic 
Devices 

A. Class: 9 hours 

1. PN junction diode characteristics 

2. Zener diode characteristics 

3. Tunnel diodes characteristics 

4. Vacuum tube diodes 

5. Gas diodes 



B. Laboratory: 24 hours 

1. Volt-ampere characteristics 
(data gathering and graphical 
analysis) 

a. Semiconductor diodes 

b. Vacuum diodes 

c . Gas diodes 

2. Junction and field affect trans- 
istors 

a. Symbols and circuit config- 
urations 

b. Transistor parameters 

c. Common base input-output 
curve analysis 

d. Common emitter input-out- 
put curve analysis 

e . Common co lie ctor input-out- 
put curve analysis 

f. Input-output resistance an- 
alysis for common base, 
common emitter and common 
collector configuration 

3. The unijunction transistor 

a. Structure and basic principle 
of operation 

b. Symbols 

c. Input-output characteristics 
analysis 

Examination of the physical 
structure, size and electrical 
rating of transistors 

a. Junction transistors 

b. Field-effect transistors 

c. Unijunction transistors 
Experimental data for plotting 
volt-ampere characteristics of 
transistors 

Study of transistors circuits with 
resistive input-circuits, utilizing 
D-C driving voltages 
Analysis of resistive coupled in- 
put circuits for holding collector 
current on and/or off with square 
wave input voltages 
8. Multielement vacuum tubes 

a. Structure and symbols 

b. Vacuum tube parameters 

c. Triode input-output curve 
analysis 

d. Tetrode input-output curve 
analysis 
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e. Pentode input-output curve 
analysis 

f. Interpretation of manufac- 
turer’s specifications 

9 . Examination of phys ical structure 
of a number of multielement vac- 
uum tubes 

a. Triodes 

b. Tetrodes 

c. Pentode 

d. Power amplifiers 

e. Twin triodes 

f . Mixers 

g. Multipurpose tubes 

10. Experimental data for plotting 
volt-ampere characteristics of 
selected tubes 

a. Analysis of data for plotting 
output voltage with controlled 
D-C input voltage 

b. Analysis of resistive coupled 
input circuits for holding 
plate current on and/ or off 
with square wave input volt- 
ages 

Physics of Electronic Devices 

A. Class: 8 hours 

1. Semiconductors 

a. Conduction in a crystalline 
solid 

b. Impurities 

c. Energy- level diagram 

d. P-N junction diode 

e. Potential-distribution 

2. Conduction through vacuum 
diodes 

a. Thermionic emission 

b. Cathodes and anodes 

c. Space charge 

d. The electron volt 

e. Potential-distribution 

3. Gas-filled thermionic diodes 

a. Ionization 

b. Deionization 

c. Potential-distribution 

B. Laboratory: 0 hours 

Linear Audio Amplifiers 
A. Class: 8 hours 

1 . Equivalent circuits for A-C oper- 
ation 

a. Common base amplifier 

b. Common emitter amplifier 

c. Common collector amplifier 



d. Grounded grid amplifier 

e. Grounded cathode amplifier 

f . Grounded plate amplifier 

2. Applications of Thevenin's and 
Norton's Theorems for voltage 
and current gain analysis 

3. Equations for linear operations 

a. Approximate voltage gain 
expressions 

4. D-C load lines 

a. Establishing operatingpoints 

b. Stabilizing operating .points 

B. Laboratory: 10 hours 

1. Make mathematical analysis for 
basic audio amplifier current 
and/or voltage gains 

a. Common base amplifiers 

b. Common collector 

c. Common emitter 

d. Grounded grid 

e. Grounded anode 

f . Grounded cathode 

2. Analyze input-output wave forms 

a. Phase shift 

b. Distortion 

c. Gain measurements 

IV. Resistive Diode Circuits 

A. Class: 8 hours 

1. Single diode circuits 

a. Current-biased diode circuit 

b. Single-phase half-wave 
rectifier circuit 

2 . Circuit with two or more diodes 

a. Diode AND circuits, and 
definitions 

b. Diode OR circuits and 
definitions 

c. General method for solving 
multiple diode resistance 
circuits 

(1) Superposition Theorem 

(2) Thevenin's Theorem 

(3) Truth table 

B. Laboratory: 10 hours 

1. Study of diode clipping circuits 

2. Study of diode AND and OR cir- 
cuits using D-C voltage sources 

3. Study of single-phase rectifier 
circuits 

4. Study of Zener diodes 

5. Study of tunnel diode 



SOME SUGGESTED TEXTS AND REFERENCES 

Angelo, E. J. Jr., Electronic Circuits . Mc- 
Graw-Hill Book Company, New York, 
N. Y. , 1964 

Gillie, Angelo C. , Principles of Electronics . 
McGraw-Hill Book Company, New York, 
N. Y. , 1962 

Kloeffer, Royce Gerald, Electron Tubes , 
John Wiley & Sons, New York, N. Y., 
1966 

Lurch, Norman E. , Fundamentals of Elec- 
tronics . John Wiley & Sons, New York, 
N. Y., 1966 

Riddle, R. L. and Ristenbatt, M. P. , Tran- 
sistor Physics and Circuits. Prentice- 
Hall, Inc. , Englewood Cliffs, N. J. 



Romanowitz, AlexH., Fundamentals of Semi- 
conductors and Tube Electronics. John 
Wiley & Sons, New York, N. Y., 1962 

Ryder, John, Engineering Electronics. Mc- 
Graw-Hill Book Company, New York, 
N. Y., 1967 

Thornton, R. D. , et al. , Handbook of Basic 
Transistor Circuits and Measurements. 
John Wiley & Sons, New York, N. Y. , 
1966 

Zines, Ben, Principle of Applied Electronics, 
John Wiley & Sons, New York, N. Y. , 
1963 
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ELECTRONICS II 

(Pulse Circuits) 



HOURS REQUIRED 

Class - 3; Laboratory - 4; Credit - 4. 



DESCRIPTION 

Electronics II is concerned with the study 
of electronic circuits in which electronic de- 
vices are operated in a switching mode. A 
number of practical circuits are involved, 
such as clippers, clampers, pulse formers, 
multivibrators, blocking oscillators, logic 
circuits, and sweep circuits. 



INSTRUCTION PROCEDURE 

A number of pulse circuits are identified 
by familiar names for particular circuits ac- 
cording to circuit configuration. A greater 
number are identified by the response attain- 
able rather than by circuit configuration alone. 
To develop an understanding of both types of 
circuits it is essential to concentrate during 
the first part of the course on a single stage 
circuit. There are three steps in the study 
of a single stage circuit. First, one studies 
the circuit behavior for a variety of input 
circuits and driving voltages. Second, one 
loads the stage with a variety of circuits to 
learn the behavior of the one-stage circuit. 
The third step is to add feedback circuitry to 
this single stage. The techniques of analysis 
now known are applicable to all other pulse 
circuits. Circuits II and Electronics I are 
prerequisites for Electronics II. 

Supplementary notes may be required to 
support selected texts. 



MAJOR DIVISIONS 



Labor- 
Class atory 
Hours Hours 



I. Diode Switching 
Circuits 

II. Input Circuits for 
Grounded Emitter 

III. Output Circuits for 
Grounded Emitter 

IV. Dual-transistor Pulse 
Circuits 



V. Triggering, Synchron- 

izing and Gating 

Techniques 4 8 

VI. Logic Circuitry 3 4 

VII. Special Switching De- 
vices and Circuits 4 4 

V3H. Sweep Circuits and 

Special Effect of 

Feedback 4 8 

33 44 



I. Diode Switching Circuits 

A. Class: 4 hours 
1„ Nonreactive 

2. Resistance switching inR-C cir- 
cuits 

3. Clamping circuits 

B. Laboratory: 0 hours 

H. Input Circuits for Grounded Emitter 
(Transistors, Common Emitter) 

A. Class: 4 hours 

1. Significant characteristics of 
transistors for switching mode 
of operation 

a. Input resistance 

b. Minimum base current re- 
quired for saturation 

c. D-C voltage and current 
ratings 

d. Current transfer function 

2. Square wave testing of transistor 
characteristics 

3. Input circuits 

a. Series resistor 

b. R-C input circuits 

c. Modified R-C input circuits 

d. Direct coupled input circuits 

B. Laboratory: 6 hours 

1. Square wave testing of transistor 

2. Study and evaluation of R-C input 
circuits 

a . NPN transistor s 

b. PNP transistors 

HI. Output Circuits for Grounded Emitter 
A. Class: 4 hours 

1. Capacitive loading (pulsed input 

voltage) 



a. Equivalent circuit and cal- 
culations for switching mode 
of transistor operation 

b . A method of generating sweep 
voltage 

2. R-C loading 

a. Equivalent circuit and cal- 
culations 

b. Modified R-C loading with 
resistance switching 

3. Resistance loading with resist- 
ance switching 

4. Inductance loading 
B. Laboratory: 6 hours 

1. Study and calculations with ca- 
pacitance loading 

2. Loading with linear R-C circuits 
and switching R-C circuits 

3. Inductance loading 

Dual-transistor Pulse Circuits 
A. Class: 6 hours 

1. Basic circuitry for the major 
types of dual-transistor pulse 
circuits (NPN’s or PNP’s) 

a. Astable multivibrator 

b. Monostable multivibrator 

c. Bistable multivibrator 

d. Schmitt trigger circuit 

2 . Techniques of preceding sections 
that are applicable to a solution 
and evaluation of waveforms for 
these circuits 

3. The astable multivibrator (com- 
mon emitter configuration) 

a. Problems of saturation 
(fall-out) 

b . Study of waveforms with zero 
biasing 

c. Need for biasing the circuit 

d . Methods of frequency control 

e. Methods of improving wave- 
forms 

f . Complete evaluation of volt- 
age waveforms 

4. The bistable multivibrator 

a. Possible circuits 

b. Factors that determine bi- 
stable mode of operation 

c. Calculation of significant 
quantities for either bistable 
state 

5. The monostable multivibrator 

a. Possible circuits 

b. Factors that determine 



monostable mode of 
operation 

c. Calculations for the circuit 

6. The Schmitt trigger circuit 

a. The typical circuit 

b . Method of operation and con- 
trol 

c. Calculation of significant 
quantities 

d. A voltage-level discrimin- 
ator 

e. The Schmitt circuit using 
complementary transistors 

B. Laboratoiy: 8 hours 

1. Study of astable circuit 
(NPN’s or PNP’s) 

2. Study of mono stable circuit 
(NPN’s or PNP’s) 

3. Study of Schmitt trigger circuit 
(NPN’s or PNP’s) 

4. Design of a bistable circuit 

V, Triggering, Synchronizing and Gating 
Techniques 
A. Class: 4 hours 

1. Methods of triggering bistable 
multivibrators 

a. From a single source 

b«, From two or more sources 

c. Direct coupling using diodes 

d. R-C coupling using diodes 

e. R-C coupling without diodes 

f. Resistance coupling without 
diodes 

2. Places in the bistable circuit to 
apply trigger pulses 

3. Triggering of monostable cir- 
cuits 

4. Synchronizing of astable circuits 

5. Synchronizing of clocking oscil- 
lators 

6. The monostable circuit as a gate 
generator 

B. Laboratory: 8 hours 

1. Triggering of bistable circuits 

2. Synchronizing of astable circuits 



VI. Logic Circuitry 
A. Class: 3 hours 

1. AND circuits 

2 . OR circuits 

3 . NOT circuits 

4. NAND circuits 

5. NOR circuits 
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6. Application for bistable multi- 
vibrator in logic circuits 

a. Storage element 

b. Counting 

c. Shift register 
B. Laboratory: 4 hours 

1. Design of AND circuit 

2. Design of OR circuit 

3. Cascade four bistable multivi- 
brators for BCD representation 

4. Interconnecting bistable circuits 
to form a double-rank register 
with left and right shifts 

VII. Special Switching Devices and Circuits 

A. Class: 4 hours 

1. Complementary transistor cir- 
cuits 

a. Direct coupled circuits with 
npn-pnp transistors 

b. R-C coupled circuits with 
npn-pnp transistors 

c. Pulse-forming circuits with 
npn-pnp transistors 

d. Gating circuits with npn-pnp 
transistors 

2. Zenor diodes 

a. Properties 

b. Zenor diode pulse circuits 

3. Unijunction transistors 

a. Properties 

b. Unijunction transistor pulse 
circuits 

4. Silicon controlled rectifiers 

a. Properties 

b. Silicon controlled rectifier 
for switching and power con- 
trol circuits 

5. Tunnel diodes 

a. Properties 

b. Tunnel diode switching and 
oscillator circuits 

B. Laboratory: 4 hours 

1. Schmitt trigger circuit (using 
complementary transistors) 

2. Two-stage direct coupled (using 
complementary transistors) 

yin. Sweep Circuits and Special Effects of 
Feedback 

A. Class: 4 hours 

1. Sweep circuits without feedback 



a . With transistor s 

b. With unijunction transistor 

c . With silicon-controlled 
rectifiers 

d. Equivalent circuits and cal- 
culations 

2. Free-running vs. synchronized 
sweeps 

3. Sweep circuits with feedback 

a. Miller sweep circuit 

b. Bootstrap sweep circuit 

c. Equivalent circuits and cal- 
culations 

4. Recovery time and circuit tech- 
niques for reducing recovery 
time in feedback circuits 

5. Blocking oscillator and pulse 
transformers 

B. Laboratory: 8 hours 

1. Study of sweep circuits without 

feedback 

2. Study of Miller and Bootstrap 
sweep circuits 

3. Practical significance of recov- 
ery time and circuitry techniques 
for improvement 



SOME SUGGESTED TEXTS AND REFERENCES 

Babb, Daniel S. , Pulse Circuit Switching 
and Shaping , Prentice-Hall, Englewood 
Cliffs, New Jersey, 1964 
Doyle, Jim, Pulse Fundamentals , Prentice- 
Hall, Englewood Cliffs, New Jersey, 
1963 

Harris, J. N. , Gray, R. E. , and Searle, 
C. L. , Digital Transistor Circuits , John 
Wiley & Sons, New York, N. Y., 1966 
Millmann, Jacob andTaub, Herbert, Pulse 
Digital and Switching Waveforms , Mc- 
Graw-Hill, New York, N. Y. , 1965 
Pettit, J. M. , Electronic Switching, Timing 
and Pulse Circuits , McGraw-Hill, New 
York, N. Y., 1959 

Stanton, William A. , Pulse Technology, John 
Wiley & Sons, New York, N. Y., 1964 
Stiltz , H. L., Aerospace Telemetry , Prent- 
ice-Hall, Englewood Cliffs, New Jersey, 
1961 

Strauss, L., Wave Generation and Shaping , 
McGraw-Hill, New York, N. Y., 1960 



ELECTRONICS III 

(Advanced Electronics) 



HOURS REQUIRED 

Class - 4; Laboratory - 4; Credit - 5. 
DESCRIPTION 

Advanced Electronics is die study of elec- 
tronic circuits in which vacuum tubes and 
transistors are operated in the linear region 
of their volt-ampere characteristics such that 
linear equivalent circuits can be applied in the 
analysis. The course covers power supplies, 
amplifiers, feedback circuits , oscillators, 
modulation systems and detectors. 

INSTRUCTION PROCEDURE 

Thlre are two general methods of approach 
in studying the circuits of this course. One 
method concentrates on equivalent circuits 
and the solution of these circuits. The other 
method concentrates on graphical analysis. 
Sometimes one method is desirable over the 
other. In other cases, such as piecewise 
solutions, both should be used. 

Supplementary notes may be required to 



support selected texts. 
MAJOR DIVISIONS 




Labor- 




Class 


atory 




Hours 


Hours 


I. Power Supplies 


5 


4 


II. Transistor Amplifiers 


8 


10 


ITT, Vacuum-Tube 






Amplifiers 


3 


2 


IV. Audio Frequency Power 




Amplifiers 

V. Frequency Response 


6 


4 


of Amplifiers 
VI. Feedback and 


6 


8 


Oscillators 

VII. Modulation and De- 


8 


8 


modulation 


8 


8 


I. Power Supplies 

A. Class: 5 hours 


44 


44 



1. Rectifier circuits 



a. Single phase half-wave 

b. Single phase full-wave 

c. Single phase bridge circuits 

2 . Filters 

a. R-C filters 

b. L-R filters 

c. L-C filters 

d. Multiple sections 

3. Regulated power supplies 

a. Using gas-filled tubes 

b. Using amplifying devices 
with feedback 

B. Laboratory: 4 hours 

1. Study of single-phase rectifier 
circuits witiiout filtering 

a. Analysis of waveforms 

b. Measurement of ripple factor 

c. Measurement of D-C com- 
ponents 

2. Design of power supplies with 
filters 

a. With R-C filters 

b. With L-R filters 

c. With L-C filters 

d. With multiple sections of 
filters 

3. Design and study of regulated 
power s upplies 

n. Transistor Amplifiers 

A. Class: 8 hours 

1 . Linear equivalent circuit analysis 

2. Graphical analysis 

3. Power relationships 

4. Quiescent operating points 

a. Choice of operating point 

b. Problems 

c. Stabilization of operating 
points 

5. Load coupling circuits 

a. R-C coupling 

b. Transformer coupling 

c . Inductive loads 

B. Laboratory: 10 hours 

1. Study of the basic transistor 
amplifier 

a. Load lines 

b. Quiescent operating points 

c. Power relations 
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d. Determination of transistor 
parameters 

e. Stabilization techniques 

f. Voltage and current gains 

2. Study of transformer coupled 
loads 

a. Impedance transformation 

b. Quiescent point determina- 
tions 

c. Temperature compensation 

3. Study of R-C coupled loads 

4. Study of inductive loads 

HI. Vacuum Tube Amplifiers 

A. Class: 3 hours 

1., Linear equivalent circuit analysis 

2. Graphical analysis 

3 . Gain and amplification in decibels 

4. Load coupling circuits 

a. Transformer coupling 

b. R-C coupling 

c. Inductive loads 

5. Power relations 

6. Cathode-resistor bias 

B. Laboratory: 2 hours 

1. Study of a basic amplifier 

a. Voltage gain 

b. Quiescent operating points 

c. Range of operation 

d. Harmonic components 

e. Power relations (A-C and 
D-C) 

2. Study of an amplifier with trans- 
former coupled to a resistive 
load 

a. Impedance transformation 

b. A-C load line 

c. Voltage gain 

3. Study of amplifier with capaci- 
tance and resistance-capacitance 
loading 

a. Mid-band studies only 

b. Range of capacitance values 
to give maximum voltage 
gain 

c. A-C load lines and the equa- 
tion for this load line 

d. Voltage gains verified with 
calculations 

4. Study of amplifier with inductance 
leading 

a. Voltage gain 

b. Load lines 

c. Voltage gains verified with 
calculations 



ERJC 



IV. Audio- Frequency Power Amplifiers 

A. Class: 6 hours 

1. Class A transistor power ampli- 
fiers 

2. Push-pull amplifiers 

a . Class B 

b. Class B using complemen- 
tary transistors 

c. Class A 

d. Class AB 

B. Laboratory: 4 hours 

1 . Study of class A transistor power 
amplifiers 

a. Temperature limitations 

b. Operating path limitations 

c. Maximum power output 

d. Design of a power amplifier 

2 . Study of push-pull class B ampli- 
fiers with transistors 

a. Design of the circuit 

b. Analysis of waveforms 

c. Harmonic contents 

d. Power capabilities 

3. Study of push-pull class B tran- 
sistorized amplifiers using com- 
plementary transistors 

a . Design of the circuit 

b. Analysis of waveforms 

c . Power capabilities 

V. Frequency Response of Amplifiers 
A. Class: 6 hours 

1. Single-stage amplifiers 

a. Transistor amplifier at high 
frequencies 

b. Transistor amplifier at low 
frequencies 

c. Pentode amplifier 

d. Triode amplifier 

e. The emitter follower at high 
frequencies 

f . The cathode follower at high 
frequencies 

g. Gain vs. bandwidth 

2. Cascaded amplifiers 

a. R-C coupled transistor am- 
plifiers 

b. R-C coupled vacuum tube 
amplifiers 

(1) Triodes 

(2) Pentodes 

c. Pole-zero studies 

3. Timed amplifiers 

a. Single-tuned transistor am- 
plifiers 
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b. Single-tuned vacuum tube 
amplifiers 

c. Double- tuned amplifiers 

d. Cascaded tuned amplifiers 

4. Frequency compensation in R-C 
coupled amplifiers 

5. Tuned amplifiers 
B. Laboratory: 8 hours 

1. Frequency response studies 

a. For selected circuits (tubes 
and transistors) 

b. Data methods for frequency 
response curves 

c . Half-power points 

d. Bandwidth 

e . Techniques of expanding band 
width 

f. ’’Corner plot" techniques of 
plotting 

g. Tuned amplifiers 

VI. Feedback and Oscillators 
A. Class: 8 hours 

1. Feedback circuits 

a . Voltage and current feedback 

b. General feedback equation 

c. Emitter follower 

d. Cathode follower 

e. Collector-to-base feedback 

f . Plate-to-grid feedback 

2 . Effects of feedback on amplifier 
characteristics 

a. Gain 

b . Band width 

c . Noise 

d. Distortion 

e. Stability (Nyquist criteria) 

f . Output impedance 

3. Oscillators (criteria for oscilla- 
tions) * 

a . Negative resistance require- 
ment 

b. Barkheusen criteria 

c. Equivalent circuit methods 

4. Oscillators (circuits) 

a. Tuned circuit oscillators 

(1) Tuned grid 

(2) Tuned plate 

(3) Hartley 

(4) Colpitts 

(5) Crystal oscillator 

b. R-C oscillator 

(1) Wein bridge circuit 

(2) Phase shift circuit 

c . The tunnel diode 



B. Laboratory: 8 hours 

1. Study of feedback circuits 

a . Effect on gain 

b. Effect on output impedance 
and admittance 

c . Effect on distortion 

d. Effect on stability 

2. Study of tuned oscillator circuits 

a. For selected circuits 

b. Design for specified fre- 
quency of operation 

c. Band width requirements 

3. Study of R-C oscillators 

a. Design of Wein bridge os- 
cillator 

b. Design of phase-shift os- 
cillate^ 

c. Laboratory checks on per- 
formance 

VII. Modulation and Demodulation 
A. Class: 8 hours 

1. Types of modulation 

a. Amplitude (AM) 

b. Frequency modulation (FM) 

c . Pulse-code-modulation 
(PCM) 

2. Amplitude modulation 

a. Methods of production 

(1) Diode 

(2) Grid modulated tube 

(3) Plate modulated tube 

b. Equations showing frequency 
components 

c. Circuit analysis 

3. Amplitude demodulation 

a. The diode detector circuit 

b. Other methods of detection 

c. Filtering requirements 

4. Frequency modulation 

a. Methods of production 

(1) Reactance tube modu- 
lator 

(2) Armstrong method 

b. Equations showing frequency 
components 

(1) Spectrum display 

(2) Side frequencies 

5. Frequency modulation detectors 

a. Discrimination and phasor 
diagram 

b. Ratio detectors and phasor 
diagrams 

c. Other circuits as modifica- 
tions of (a) and (b) 



6. Pulse-code modulation 

a. Types 

b. Circuitry techniques 
B. Laboratory: 8 hours 

1 . Study of amplitude modulation 

with diodes 

2. Study of amplitude modulation 

with transistors 

3. Study of amplitude modulation 

with tubes (plate modulation rec- 
ommended) 

4. Study of discriminators 

5 . Study of ratio detectors 

6. Study of reactance-tube modu- 
lators 

SOME SUGGESTED TEXTS AND REFERENCES 

Alley, C. L. andAzwood, K. W., Electronic 
Engineering, John Wiley & Sons, Inc., 
New York, N. Y. , 1962 
Angelo, E. J. , Electronic Circuits , McGraw- 
Hill, New York, N. Y., 1964 
Coming, John J. , Transistor Circuit Analysis 
and Design, Prentice-Hall, Inc. , Engle- 
wood Cliffs, New Jersey, 1965 
Cutler, Philip S. , Semiconductor Circuit An- 
alysis . McGraw-Hill, New York, N. Y. 
1964 



Fitzgerald, A. E. and Higginbutham, D. E., 
Electrical and Electronic Engineering 
Fundamentals , McGraw-Hill, New York, 
N. Y., 1964 

Gillie, Angelo C. , Principles of Electron 
Devices , McGraw-Hill, New York, N. Y. 
1962 

Joyce, M. V. and Clarke, K. K., Transistor 
Circuit Analysis, fiic. Reading, Massa- 
chusetts, 1961 

Reich, H. J. , Functional Circuits and Oscil - 
lators , D. Van Nostrand Company, Inc., 
New York, N. Y., 1961 
Ryder, John, Engineering Electronics , Mc- 
Graw-Hill, New York, N. Y. , 1967 
Seidman, A. H. , Semiconductor Fundamentals 
Devices and Circuits , John Wiley & Sons, 
New York, N. Y. , 1963 
Texas Instruments, Inc. (staff), Transistor 
Circuit Design , McGraw-Hill, New York, 
N. Y., 1963 

Thornton, R. D. , Searle, C. L., Pederson, 
D. O. , Adler, R. T. , and Angelo, E. J. , 
Jr., Multistage Transistor Circuits 
Zimmerman, H. J. and Mason, S. J. , Elec- 
tronic Circuit Theory , John Wiley & 
Sons, Inc., New York, N. Y. , 1960 



0 
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CIRCUITS I 

(Resistive Circuits) 



HOURS REQUIRED 

Class - 4; Laboratory - 2; Credit - 3. 
DESCRIPTION 

Circuits I is restricted to a study of re- 
sistive circuits in which the source voltage 
can be time -varying as well as D-C sources. 
The first portions of the course introduce the 
physics of electricity, along with units, defin- 
itions, symbols, and notations for electrical 
quantities. The major portion of the course 
is a study of circuit properties and their ap- 
plications to significant circuit configurations. 

INSTRUCTION PROCEDURE 

Inspection of the course outlines for the 
three circuits courses of this curriculum 
reveals no reference to D-C circuits and A-C 
circuits, which would imply a study of cir- 
cuits with D-C voltage sources and with sinu- 
soidal voltage sources. Modern circuit an- 
alysis problems require a more extensive 
treatment to include electronic switching 
techniques. 

This first course in circuits, restricted 
to resistive circuits, requires only a knowl- 
edge of algebra and trigonometry. A study 
of resistive circuits will prepare the student 
for Electronics I, also restricted to resistive 
circuits that employ electronic devices. Cir- 
cuits with capacitors and/or inductors are 
studied for the first time in Circuits II and 
Electronics III. 



MAJOR DIVISIONS 



Labor- 

Class atory 
Hours Hours 



I. Concepts of 

Electricity 4 2 

H. The Electric Circuit 2 2 

IH. Basic Circuit Nom- 
enclature 2 0 

IV. Fundamental Circuit 

Properties 5 4 

V. Basic Circuit 

Configurations 5 4 



VI. Network Equations 6 

VH. Equivalent Circuits 8 

VHI. Resistive Network 

Analysis 7 

IX. Power and Energy 5 

44 



2 




I. Concepts of Electricity 
A. Class: 4 hours 

1. Atomic structure 

a. Molecules 

b. Atoms and major compon- 
ents 

c. Free electrons 

2. Electric charge 

a. Static properties 

b. Potential and units 

3. Charges in motion 

a. Relationship to potential 

b. Energy of moving charges 

c . Current and units 

4. Conduction properties of mater- 
ials 

a. Conductors 

b. Insulators 

c. Semi-conductors 

5. Sources 

a. Energy conversion 

(1) Cell 

(2) Generator 

(3) Thermocouple 

(4) Friction 

(5) Piezoelectric 

(6) Photoelectric 

b. Constant value 

c. Time- varying 

(1) Types 

(a) Sinusoidal 

(b) Ramp 

(c) Pulse 

(d) Exponential 

(e) Complex 

(2) Waveform graphing 

(3) Addition 

(a) Instantaneous 
values 

(4) Frequency, period, 
wave length 

(5) Values 

(a) Instantaneous 
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(b) Peak 

(c) Average 

(d) R.M.S. 

6. Applications and problems 
B. Laboratory: 2 hours 

1 . Introduction to laboratory facili- 
ties and procedures for the 
course 

2. Waveform graphing and meas- 
uring of peak, average and RMS 
values of time-varying signals. 
Compare measured with comput- 
ed values. 

n. The Electric Circuit 

A. Class: 2 hours 

1 . Circuit elements 

a. Passive 

(1) Resistance and units 

(2) Conductance and units 

(3) Reactance - Phase 

b. Active 

(1) Independent sources 

(a) Voltage 

(b) Current 

(c) Live vs . dead 

(2) Dependent sources 

2. Physical circuits and models 

a. Approximations 

B. Laboratory: 2 hours 

1. Measurement of variation of 
physical devices from their mod- 
el, i.e., resistance and capaci- 
tance in coil. 

HI. Basic Circuit Nomenclature 

A. Class: 2 hours 

1. Notation 

a. Double subscript 

b. Single subscript 

2. Reference currents and voltages 

a. Free choice 

b. Current 

c . Voltage 

3. Volt-ampere graphs 

a. Slope 

4. Applications and problems 

B. Laboratory: 0 hours 

IV. Fundamental Circuit Properties 
A. Class: 5 hours 

1. Ohm’s Law 

a. Solve for V 

b. Solve for I 

c. Solve for R 

2. Kirchhoff's current law 



3. Kirchhoff’s voltage law 

4. Applications and problems 
B. Laboratory: 4 hours 

1. Study of Ohm’s Law 

2. Study of Kirchhoff’s current law 

3. Study of Kirchhoff’s voltage law 

4. Plotting of volt-ampere graphs 

V. Basic Circuit Configurations 

A. Class: 5 hours 

1. Series circuits 

2. Parallel circuits 

3. Series-parallel circuits 

4. Applications and problems 

B. Laboratory: 4 hours 

1. Study of three basic circuit con- 
figurations employing Kirch- 
hoff’s laws and Ohm’s Law 

VI. Network Equations 

A. Class: 6 hours 

1. Node equations 

2. Loop equations 

3. Mesh equations 

4. Applications and problems 

B. Laboratory: 2 hours 

1. Network measurements and net- 
work solutions by network equa- 
tions 

VII. Equivalent Circuits 

A. Class: 8 hours 

1. Superposition Theorem 

2. Thevenin’s Theorem 

3. Norton’s Theorem 

4. Circuit conversions 

5. Applications and problems 

B. Laboratory: 2 hours 

1. Comparative measurements in 
given circuits and application of 
superposition, Thevenin’s, and 
Norton’s Theorems 

VIII. Resistive Network Analysis 
A. Class: 7 hours 

1. T-circuits 

2 . - circuits 

3. - T conversions 

4. Bridge circuits 

5. Delta circuits 

6 . Wye circuits 

7. Delta-wye conversions 

8. Single source networks 

9. Multiple source networks 

10 . N etwor ks with dependent sourc e s 

11. Applications and problems 
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B. Laboratory: 4 hours 

1. Study of and T circuits 

2 . Study of bridge circuits 

3. Study of and Y three-phase 

I balanced systems 

| 4. Study-of multiple source 

| networks 

1 

j IX. Power and Energy 
| A. Class: 5 hours 

I 1. Definitions and derivations 

| 2. Units 

r 3. Methods for solution 

| 4. Applications and problems 

\ B. Laboratory: 2 hours 

[ 1. Measurement of A-C and D-C 

l power and comparison with cal- 

\ culated values 



SOME SUGGESTED TEXTS AND REFERENCES 

Anderson, C. J. , Santanelli, A., and Kulis, 
F. R. , Direct Current Circuits and Meas - 
urement , Prentice-Hall, Englewood Cliffs, 
New Jersey, 1966 
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Babb, D. S., Resistive Circuits , International 
Textbook Co., Scranton, Pa., 1968, 
(Tentative) 

Fishe, K. A., and Harter, J. H., Direct 
Current Circuit Analysis Through Experi- 
mentation, Technical Education Press, 
Seal Beach, California, 1966 

Jackson, H. W., Introduction to Electric 
Circuits , Prentice-Hall, Inc., Engle- 
wood Cliffs, New Jersey, 1959 

Riaz, M., Electrical Engineering Laboratory 
Manual, McGraw-Hill, New York, 1965. 

Slurzberg, M. , and Osterheld, W. , Essentials 
of Electricity-Electronics, 3ded., Mc- 
Graw-Hill, New York, 1965 

Timbie, W. H., (assisted by Kuske, A.), 
Elements of Electricity , John Wiley & 
Sons, Inc., New York, N. Y. 

Timbie, W. H. and Ricker, F. J. , Basic 
Electricity for Communications , John 
Wiley & Sons, Inc. , New York, N. Y. 

Tinnell, R. W., Experiments in Electricity- 
A.C. , McGraw-Hill, New York, 1966. 

Tinnell, R 0 W., Experiments in Electricity- 
D.C. , McGraw-Hill, New York, 1966. 

(See Circuits IH for other references.) 







CIRCUITS II 

(Single - Time - Constant Circuits) 



HOURS REQUIRED 

Class - 4; Laboratory - 4; Credit - 4. 



DESCRIPTION 

Circuits II is restricted to a study of 
single-time-constant circuits. In other words, 
R-C and R-L circuits but not R-L-C and L-C 
circuits. Approximately the first half of the 
course is a study of basic switching circuitry 
and circuits with square-wave and step volt- 
ages as sources. The second half of the 
course concentrates on sinusoidal voltages 
as the voltage sources. 



INSTRUCTION PROCEDURE 

Introduction of capacitors and inductors 
into a circuit requires a knowledge of calculus. 
Restricting the circuits to the single-time- 
constant type of circuit keeps the calculus re- 
quirement to a minimum and, at the same 
time provides an abundance of circuits that 
require analysis. Calculus is included in 
Technical Mathematics H, but not at the be- 
ginning of that course. In the early part of 
this course it is possible to use mathematical 
expressions that are a result of calculus 
derivations without requiring the students to 
perform these early derivations. 



MAJOR DIVISIONS 



Labor- 
Class atory 
Hours Hours 



I. Properties of Capaci- 
tance and Inductance 4 

H. R-C, R-L Circuits 8 

HI. Resistive Switching in 

R-C Circuits 12 

IV. Rectangular Input 

Voltage Applied to 
Constant Parameter 
Circuits 4 

V . Sinusoidal V oltages 

Applied to Constant 
Parameter Circuits 12 

VI. Transformers 4 

44 



0 

8 

12 



6 




I. Properties of Capacitance and Inductance 

A. Class: 4 hours 

1. Definition of L and C 

2. Mathematical concepts describ- 
ing properties of L and C 

3. Series, parallel, and series- 
parallel combinations 

B. Laboratory: 0 hours 

H. R-C and R-L Circuits 

A. Class: 8 hours 

1. The exponential response 

2. Time constants 

a. R-C circuits 

b. R-L circuits 

c. R-C and R-L circuits that 
reduce to circuits of single 
resistance and single capac- 
itance or inductance 

d . Identification of single-time- 
constant circuits 

3. Graphs of voltages and currents 
in single-time-constant circuits 

4. Calculation of initial and asymp- 
totic values of voltage and cur- 
rent 

5. General equation for an expon- 
ential quantity in terms of initial 
value, asymptotic value and cir- 
cuit time constant 

6 . Use of slide rule in the evaluation 
of exponentials 

7. Problems and applications 

B. Laboratory: 8 hours 

1 . Study of response of R-L and R-C 
circuits to square wave input 

a . Re sistance voltage w aveform 

b. L or C voltage waveform 

c. Time constant measurement 



HI. Resistance Switching in R-C Circuits 
(Single-time-constant circuits only) 

A. Class: 12 hours 

1. Concept of resistance switching 
using diodes 

2 . Generaliz ed resistance switching 
circuit 

3. Area ratio concepts for resist- 
ance voltage 



a . Rectangular waveform as the 
input voltage 

b. Sinusoidal voltage input (for 
large capacitance only) 

4. Definition of rise time and typi- 
cal problems 

5. Diode clamping circuits 

a. Clamping to a reference 
voltage 

b. Three methods of biasing the 
circuit 

B. Laboratory: 12 hours 

1. Study of R-C circuits with re- 
sistance switching 

a. Rectangular input voltage 

b. Sinusoidal input voltage 
(large C only) 

2. Measurement of unknown resist- 
ance using the techniques of this 
section 

3. Effects of output resistance (can 
be multi-valued) of voltage 
sources 

4. Measurements of rise time 

5. Study of diode clamping circuits 

IV. Rectangular Input Voltage Applied to 
Constant Parameter Circuits 

A. Class: 4 hours 

1. Linear R-C series circuits treat- 
ed as a special case of resistance 
switching where resistance ratio 
is unity 

2. Complete analysis of R-C and 
R-L networks (evaluation of all 
voltages and currents) 

B. Laboratory: 6 hours 

1. Supervised study and problem 
solving 

V. Sinusoidal Voltage Applied to Constant 
Parameter Circuits 

A. Class: 12 hours 

1. Inductive and capacitive react- 
ance and impedance 

2. Instantaneous values 

3. Phasor quantities 

a. Rectangular form 

b. Polar form 

4. Complex numbers as applied to 
circuit analysis 

5. The j operator 

6. Writing complex numbers and 
phasor representation 

7. Use of slide rule for polar-rec- 
tangular conversion 

8 . Addition and subtraction of phas- 
ors 



9. Multiplication of phasors (rec- 
tangular and polar form) 

10. The complex conjugate 

a. Definition 

b. Reciprocal of complex 
quantities 

11. Division of phasors (rectangular 
and polar form) 

12. Rotating phasors and complex 
number rotation 

13. Roots of complex numbers and 
phasor notation 

14. Phasor addition of two or more 
sinusoids that are not all in phase 

a. Resultant phase angle 

b. Magnitude of resultant 

15. Multiplication of a sinusoidal 
voltage by a sinusoidal current 
(same frequencies) 

a. Phase angle 

b. Lead and lag 

c. Significance of j term of re- 
sultant 

d. Significance of real term of 
resultant 

e . Significance of the resultant 
magnitude 

B. Laboratory: 12 hours 

1. Student drill problems 

2. Study of electrical quantities for 
resistors, capacitors, and in- 
ductors in circuit with sinusoidal 
input 

3. Techniques of use of instruments 
in measurements 

VI. Transformers 

A. Class: 4 hours 

1. Mutual inductance 

2. Turns ratio 

3. Voltage and current ratios 

4. Reflected impedance 

5. Transformer polarization 

B. Laboratory: 6 hours 

1. Use of two coils that can be mov- 
ed with respect to one another 
(study of mutual inductance) 

2. Study of power transformers 

a. Volt-ampere ratings 

b. Ampere -turns relationship 

c. Autotransformers 

d. NARIACS 

SOME SUGGESTED TEXTS AND REFERENCES 

Refer to Circuits in for list of suggested texts 
and references. 
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CIRCUITS III 

(Network Analysis) 



HOURS REQUIRED 

Class - 3; Laboratory - 4; Credit - 4. 
DESCRIPTION 

Circuits in is a study of networks that 
will not reduce to simple single-time con- 
stant circuits. Only stead-state solutions 
are considered, enabling the use of the S- 
plane in circuit analysis. 

This course is a prerequisite for the 
Circuits IV elective course. 

INSTRUCTION PROCEDURE 

i 

The outline for this third circuits course 
may appear heavily loaded with material. On 
the other hand, the studies of the preceding 
two circuits courses should permit a com- 
paratively more rapid pace through much of 
the material of the course. The major div- 
isions I through VI are of greatest importance. 
Some work on magnetic coupling is certainly 
desirable. In some cases it may be desirable 
to delete three-phase circuits and include some 
work with transient analysis. 

MAJOR DIVISIONS 

Class 
Hours 

I. Series Circuits 4 

II. Parallel Circuits 4 

HI. Series-parallel 

Circuits 6 

IV. S-plane 4 

V. Network Equations 

Using the S-operator 5 

VI. Circuit Theorems and 

Applications using the 
S-operator 4 

VIE. Magnetic Coupling 3 

Vm. Three-phase Circuits 3 

33 

I. Series Circuit 

A. Class: 4 hours 

1. R-C series circuit 

a. Input impedance 



b. Voltage and current phasor 
diagrams 

c. Locus diagrams 

d. Response as a function of 
frequency 

(1) Resistance voltage as 
output 

(2) Capacitor voltage as 
output 

e . Response as a function of 
capacitance 

f . Power and power-factor 

2. R-L series circuit 

a. Input impedance 

b. Voltage and current phasor 
diagrams 

c. Locus diagrams 

d. Response as a function of 
frequency 

(1) Resistance voltage as 
output 

(2) Inductor voltage as out- 
put 

e. Response as a function of 
inductance 

f . Power and power-factor 

g. The Q of a coil 

3. R-L-C series circuit 

a. Input impedance 

b. Voltage and current phasor 
diagrams 

c. Resonance 

(1) Natural resonant fre- 
quency 

(2) Phase resonance 

(3) Amplitude resonance 

d. Voltage magnitudes as a 
function of frequency; of 
inductance; of capacitance 

e . Current magnitude as a func- 
tion of frequency for a num- 
ber of L/ C ratios with LC = 
constant 

f . Power and power-factor 

B. Laboratory: 8 hours 

1. Using the voltmeter-ammeter- 
wattmeter method, determine 
magnitudes of resistance and re- 
actance of an unknown impedance 
at a specified frequency. 



Labor- 

atory 

Hours 

8 

8 

6 

0 

4 



6 

6 

J> 

44 



2 C Using a voltmeter, an ammeter, 
and a known resistance, deter- 
mine the resistance and react- 
ance of an unknown impedance. 

3 . Procedures to determine whether 
a reactance is inductive or ca- 
pacitive. 

4. Study of R-L-C series circuits 
with (a) frequency variable; (b) 
capacitance variable; (c) in- 
ductance variable. 

5. Study of R-L-C series circuit 
with frequency variable, con- 
stant LC, but with different L/C 
ratios 

n. Parallel Circuits 
A. Class: 4 hours 

1. R-C parallel circuit 

a. Input impedance 

b. Concept of admittance 

c. Current and voltage phasor 

• diagrams 

d. Locus diagrams 

e. Current as a function of 
frequency 

2. R-L parallel circuit 

a. Input impedance 

b. Input admittance 

c. Current and voltage phasor 

d. Locus diagrams 

e. Current as a function of 
frequency 

3. L-C parallel circuit 

a. Input impedance as a func- 
tion of frequency (impedance 
plotted as a complex num- 
ber) 

b. Current and voltage phasor 
diagrams 

c. Resonance 

4. R-L-C parallel circuit 

a . Voltage, current and power 
calculations 

b. Resonance 

c. Damped oscillations 

5. * R-L series circuit in parallel 

with an R-C series circuit 

a. Voltage, current and power 
calculations 

b. Input impedance and admit- 
tance 

c. Condition for phase reson- 
ance 

d. Locus diagrams 

e. Phasor diagrams 



6 . Power and power-factor of paral- 
lel circuits 

B. Laboratory: 8 hours 

1. Study of R-C parallel circuits 

2. Study of R-L parallel circuits 

3. Study of R-L-C parallel circuits 

4. Study of a general parallel cir- 
cuit (R-L series circuit in paral- 
lel with R-C series circuit) 

5 . Impedance and admittance meas- 
urements for parallel circuits 

III. Series - Parallel Circuits 

A. Class: 6 hours 

1. Complete solution (all voltages 
and currents) 

a. Simplification by applying 
Ohm’s Law and Kirchhoff’s 
Laws 

b. Input impedance 

c. Phasor diagrams 

B. Laboratory: 6 hours 

1. Study of series-parallel circuits 

a . Measurements of all voltage s 
and currents 

b. Application of Kirchhoff’s 
Laws and Ohm’s Law 

c. Power measurements 

d. Input impedance and input 
admittance 

2. Frequency response of L-C cir- 
cuits 

IV. The S-plane 

A. Class: 4 hours 

1. Definition and relationship to jcu 

2 . Phasor - S-plane transformations 

3. Poles and zeros 

4. Significance of right-hand and 
left-hand planes 

5. Significance of zeros on jo> axis 

6. Applications to series, parallel, 
and series-parallel circuits 

7 . Problems 

B. Laboratory: 0 hours 

V. Network Equations with S-operator 
A. Class: 5 hours 

1. Network terminology 

a. Sources 

(1) Independent 

(2) Dependent 

b. Junction 

c . Node 

d . Branch 

e. Loop 

f . Passive elements 
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2 . Branch equations 

3 . Loop equations 

a . Choice of loops 

b. Standard form 

4. Node equations 

a. One independent node 

b. Two or more independent 
nodes 

c. Standard form 

5. Number of nodes and/or loops 

6. E lim ination of nodes and loops 

7. Problem solving 

B. Laboratory: 4 hours 

1. Supervised problem solving 

2. Completing unfinished experi- 
ments of preceding sections 

VI. Circuit Theorems and Applications with 
the S-operator 

A. Class: 4 hours 

1. Superposition theorem 

2. Thevenin’s theorem 

3 . Norton ’ s theorem 

4. Maximum power transfer 
theorem 

5. T and equivalence and trans- 
formations 

a. Two-port networks 

b. Open-circuit and short-cir- 
cuit tests 

B. Laboratory: 6 hours 

1. The superposition theorem can 
be studied by connecting a three- 
terminal network to a three- 
phase source, or by using a 
transformer (center tap on sec- 
ondary) connected to a single - 
phase source. Make voltage, 
current andphase measurements 
in one or more parts of the cir- 
cuit with 

a. The complete circuit 

b. One source voltage removed 
and terminals at network 
shorted 

c . Verify the superposition 
theorem from experimental 
measurements 

2. Thevenin’s and Norton’s theor- 
ems can be studied by connecting 
a two- terminal network to a 
single-phase source. At any 
other two terminals of the net- 
work 



a. Determine experimentally, 
the Thevenin’s or Norton’s 
equivalent circuit 

b. Connect unknown impedance 
to these two terminals and 
make measurements and 
calculations to verify the 
theorems 

3. Determine the equivalent T and 
t r networks of a given two -port 
network 

VII. Magnetic Coupling 

A. Class: 3 hours 

1. Mutual coupling 

2. Faraday’s Law 

3. Polarity of induced voltages 

4. Coefficient of coupling 

5. Close-coupled circuits 

a. Power transformers 

b. Transformer equivalent cir- 
cuits 

c. Ampere-turn relationships 

d. Leakage reactances 

e. Phasor diagrams for trans- 
formers 

f . Problem solving with ficti- 
tious generator 

g. A-F transformers 

6. Loose-coupled circuits 

a. R-F transformers 

b. I-F transformers 

c. Frequency response and de- 
gree of coupling 

d. Problem solving 

(1) Complete phasor dia- 
grams 

(2) Impedance transforma- 
tions 

B. Laboratory: 4 hours 

1. Study and application of double- 
tuned I-F transformers 
(Frequency response) 

2. Study and application of A-F 
transformers 

a. Impedance matching 

b. Power transfer 

c. A-F transformers in push- 
pull audio amplifiers 

Vm. Three-phase Circuits 
A. Class: 3 hours 

1. Generation of three-phase volt- 
ages 

2 . Load connections 
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a. Delta 

b. Wye 

3. Transformer connections 

a. Delta 

b. Wye 

c . Open delta 

4. Vector diagrams of all voltages 
and currents 

a. Unity power-factor load 

b. Lagging power-factor load 

c. Loading power-factor load 

5. Voltages and current calculations 

6 . Equivalent wye and delta circuits 

7. Three-phase power 

a. Definition 

b. Measurements 

c . Calculations 

8. Power factor correction 

9. Single-phase loads on three- 
phase systems 

10. Distribution systems 
B. Laboratory: 8 hours 

1. Connecting single-phase trans- 
formers to a three-phase system 

a. Procedure for testing trans- 
formers for proper connec- 
tions 

b. Wye connection 

c. Delta connection 

2 . Measurement of power in three- 
phase systems 

a. One- wattmeter method (bal- 
anced load only) 

b. Three-wattmeter method 
(unbalanced loads) 

c . Two- wattmeter method 
(unbalanced loads) 
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